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IlepeKpecTHaH ccbiJiKa Ha poACXseHHue saflBKH 
3aaBKa na ^aHHoe H3o6peTeHHe hmcct xfjary npHopHxexa Ha ocHOBaHHH npeiiBapHTejibHOH aaasKH Ha na- 
xeHT CIUA, cepHHHbiH >fo 60/382801, no^aHHOH 23 MaH 2002 r., h aBJiaercfl nacxiPiHbiM npoAOJixceHHeM 3aHBKH 
ClllA, cepHHHBiH No 10/229933, noAaHHOH 28 aBiycxa 2002 r. 

npe/i^nocbiJiKH co3;iaHHH H3o6peTeHHfl 
06jiacTb TexHHKH, K KOTopoii oTHOCHTcsi H3o6peTeHHe 
flaHHoe H3o6peTeHHe othochtch b ucjiom k MejiKOOTcnepcHbiM npoBOAflniHM yrjiepoiiaM. HacToamee 
H3o6peTeHHe othochtc^ k noBepxHocxHOH MojiH^UKsmuu pasJiHHHBix yrjiepo^XHbix MaxepnajioB h coe^HHeHHH. 
Bojiee KOHKpexHO, H3o6pexeHHe oxhochxch k ycoBepincHCxBOBaHHEiM cnoco6aM BBe^eHHH cyjii>(J)OHaxHbix 
4»yHKaHOHajiE>Hbix rpyrai na noBepxHocxb yrjiepo^Hbix MaxepnajioB h coeAHHeHHiS, a xaK^e oxhochxch k hcko- 
xopMM yrjiepoAHbiM MaxepnajiaM c MOOT^HupapoBaHHoS noBepxHOCXfcio, nojtyHeHHHM 3xhmh cnoco6aMH. flan- 
Hoe ii3o6pexeHHe xaioKe oxhochxch k KaxajiHsaxopaM Ha HOCHxejie ots xoiuihbhbix 3JieMeHXOB h k npoxoHoo6- 
MeHHbiM MeM6paHaM. 

H3BeCTHMH ypOBCHb TeXHHKH 

TonnHBHBifi 3JieMeHx (FC) HBJKtexcH ycxpoHCXBOM, Koxopoe npeo6pa3yex xHMHHecKyio peaKipQEO b 3jieK- 
xpHHecKyio 3HeprHio (3JieKTpoxHMHqecKoe ycxpoiicxBo) 6e3 ropemia. ToiuiHBHBiii sjicmchx (cm., HanpHMep, 
4)Hr. 1) o6bihho co;i;ep3KHx ano^ 20, Kaxo;^ 50, 3JieKxpojiHx 10, saiUHXHbie cjioh 30, 60 h hojih xene- 
HHa/xoKQd»eMHHKH 40, 70. Hmcioxoi iwxb xHnoB xonjiHBHbix 3jieMeHxoB, KaK onpeAeneno hx 3JieKxpojiHxaMH: 



Twn 


SJieKTpOJIMT 


TeMnepaTypa 


flpHMeyaKMH 


<J>OC4>OpHO- 
(PAFC) 


MaTpMua, 
nponwTaHHa^i 

KMCJIOTOH 


175-200*^C 


CTauMOHapHa^i 

3HeprMH^ 

BfainycKaeTCH 

np oMtJUi ji e HHO c T fa K) 


PacnjiaBHOKa 

p60HaTHblfl 

(Mcrc) 


MaTpwaa, 

nponwraHHaH skkjikmm 
pacTBopoM Kap6oHa7a 
JTMTM^/ HaTpvta m/mjim 
KajiM^i 


600-1200^C 


Pa cn Jia B Jie H Hbie 

KapOOHa T HbI6 
COJIK, BblCOKaA 
3^$eKTMBHOCrb 


TBep^^OOKCMA 
HbIM 

(SOFC) 


TsepwJi OKCMfl 

lXMpKOHHfl,r B KOTOpbrff 

BBejseHo HeGojibuioe 

KOJIMyeCTBO OKCMfla 
MTTpMH 


600-1800*^C 


KepaMMKa, 

np oMbiiuji eHH oe 
npHMeHewwe 


UleJlOMHOM 

(AFC) 


MaTpMua, 

nponHTaHHan BOmtiSM, 

paCTBOpOM 
TM^jpOKCW^ia KaJIMfl 


90-100**C 


B Ka^iecTBe 

3JTe KTpOJIMTa , 

NASA, o^eHb 
Aoporo 


** C 

npOTOHOoOMe 

HHOM 

MeMSpaHOM 
(PEM) 


TsepjibiM 

opraHMMecKMfi 

nojiwMep 

no Jim (nep$Topcyjib$OK 

MCJTOTa ) 


60-100*'C 


MoHOMepHan 
MeMOpaHa^ 

BblCOKa^I 

ynejibHafl 
tAOuiHOCTbr oyeHb 
6bicTpa« OTflana, 
nopTaTMBHbie/ 
asTonpwMeHeKMfl 


MeTaKOJIbHblil 

(DMFC) 




60-100*C 


PEM^ KOTOptiM 

McnojibsyeT 
MeTaHOJi B 

Ka^ecTBe 
TonjiMsa 



** HanGojiee saaKHBiii b Hacxoamee BpeMH 
Hacxoamee oimcaHHe paccMaxpHBaex xomiHBHbiii 3JieMeHX c npoxoHoo6MeHHOH MeM6paHOH (HHane na- 
SBiBaeMofi nojiHMepHO-3JieKxpojiHXHoii MeM6paHoM) (PEM) (HHane HasbiBaeMbifi xoiuihbhbim 3JieMeHxoM c 

XBepAMM nOJIHMepHBIM 3JieKXpOJIHXOM (SPE) H XOnnHBHBIM 3JieMeHXOM C XBepAOH nojiHMcpHoM: MeM6paHOH 

(SPM)). TonjiHBHbiii 3jieMeHX c nojiHMepHOH 3JieKxpojiHXHOH MCM^paHOH (PEMFC) coziepjKHX npoxoHonpoBO- 
nojiHMepHBiH MeM6paHHBiH 3JieKxpojmx 10, pacnojioaceHHbiit c3HflBHqeo6pa3HO Meysajay sjieKxpoKaxanH- 
3aTopaMH (KaxoAOM 50 h anoflOM 20) (cm., HanpHMep, ^wr, 1). 

OKHCJIHXejI&HOii H BOCCXaHOBHXeJIbHOH peaKHHHMH, HMeiOmHMH MCCXO B XOIinHBHOM 3JieMeHXe, flBJIHIOXC^ 

2H2 — > 4H^ + 4e" oKHCjiHxejibHaa nojiypeaKUHa 

+ O2 — > 2H2O BOCCxaHOBHxeji&Has nojiypeaKimfl 
VKasaHHbiii 3JieKxpoxHMHHecKHii nqpoqecc mjiaexca npoi^eccoM HeropeHHfl, KoxopbiH He o6pa3yex 3a- 
rp5i3HHiomHe BemecxBa, nepenocHMbie no Bos^yxy. IIosxoMy xoruiHBHtie 3JieMeHXbi hbjikioxoi hhcxmm, hh3ko- 

3MHCCHOHHbIM, BbICOK034)4>eKXHBHbIM HCXOHHHKOM 3HeprHH- ToiUIHBHbie 3JieMeHXbI HMCIOX B 2-3 pasa 6oJIb- 
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myio 34)4>eKTHBHOCTi,, HCM OTHraxcjiH BHyxpeHHero cropaHHa, h Moryx HcnojibsoBaxb pacnpocxpaHeHHbie 
h/hfih B03o6HOBJiHeMi>ie xoiuiHBa. ToiuiHBHDbie 3JieMeHTbi renepHpyioT ajxeKipmecxBO, bo^ h xeimo c Hcnojn>- 
30BaHHeM TOiuiHBa 90 H KHCjiopo;ia 80. Koraa BOAopoA HBJiaexcji xoiuihbom, eAHHCxseHH&iM Bw^eJieHHeM hb- 
jiHercH Bo^a (acu^xKocxt hjih nap). 

ITocKOJifcKy HanpHHccHHe o6biHHoro ToiuiHBHoro sjieMCHxa wikgtcsi He5ojibinHM, hx o6bpiho co6HpaK)T b 
6jiok nocjieAOBaxejibHO. ^ 

nojiypeaKUHH oGlihho npoxeKaiox oHem> ue^emio npn HHSKOii pa6oHe3 xeMneparype xoiuiHBHoro 
3JieMeHTa, no3TOMy KaxajiHsaxopBi 56 Hcnojibsyioxc^ na oahom hjih na o6ohx anojote 20 h KaxoAe 50 flJia ysejiH- 
HCHHa CKopocxH KByKRo^ nojiypeaKUHH. IXnaxHHa (Pt) HBjLsexca HaH6ojiee 3<|><]^eKXHBHBiM KaxajrasaxopoM 6jia- 
ropoOToro Mexajuia 56 na cero/oiHmHHii ;teHB, noxoMy hxo ona cnoco6Ha renepHpoBaxb wcxaxoHHO BMCOKHe 
CKopocxH Oa-BOCCxaHOBJieffiM npH oxHOCHxejiBHO HH3KHX xeMnepaxypax PEM-xoiuiHBHbix 3JieMeHxoB. Khhc- 
XHqecKHe xapaKxepncxHKH PEM-xoruiHBmix sjieMenxoB orpaHH^Hsaioxcfl, maBHiiiM oGpasoM, Me^pieHHoil cko- 
pocxBK) nojiypeaKi^HH Oz-BoccxanoBJieHHa (KaxoOTOH peaKOHH), Koxopaa 6ojiee neM b 100 pas MCAJieHHee no- 
jiypeaKUHH Ha-OKHCjieHHa (aHO^HOH peaKUHH). nojiypeaKima 02-BoccxaHOBJieHHH xaK^ce orpaHOTHBaexc^ bo- 
npocaMH MacconepcHoca. 

Koraa xoiuiHBo 90, xaKoe KaK BOAopoa, nociynaex b xoiuikbhwh 3JieMeHx Ha aHOflHyio cxopoHy, KaxajiH- 
saxop 56 oSjierqaex pas^iejieHHe ra30o6pa3Horo BOflopoOToro xoruiHBa Ha sJieKxpoHBi h npojoHBi (BO^opoflHbie 
HOHfci). BoAopoz^H^.Ie hohbi npoxo^iax Mepe3 MeM6paHy 10 (ueHxp xoiuiHBHoro ajieMeHxa) h CHOsa c noMomtio 
KaxanHsaxopa 56 cocahkhioxch c oKHCJiHxejicM 80, xaKHM KaK KHCJiopofl, h sjieKxpoHaMH Ha Kaxo^HOH cxopoHe, 
oGpasyn aoj^y. 3jieKxpoHi>i, Koxopbie He Moryx npoxoOTXB nepes MeM6paHy 10, Hsyx ox aHO^a 20 k Kaxo^y 50 
Hepes BHemnioK) ajieKxpoi^ent, coAepacamyio 3JieKxpoOTHraxejii» hjih iipyryio 3JieKxpHqecKyK) narpysKy, koxo- 
paa noxpeSjinex 3HeprHio, renepHpoBaHHyK) xoidihbhbim sJieMCHxoM. 

KaxajiHsaxop 56 HcnojiB3yexcH jism HHAyuHposaHHH xpe6yeMbix 3JieKxpoxHMHHecKHx peaKi^mi na 3jieK- 
xpo^ax 20, 50. Kaxannsaxop 56 nacxo bboa^x na noBepxHocxH pa3;tejia 3JieKxpoA/3JieKxpojiHX npn naHeceHHH 
cycneHSHH 3JieKxpoKaxajiHXHHecKHx nacxHix 56 Ha noBepxHocxb 3JieKxpoiiHxa 10. Kor^a BOflopo^moe hjih mc- 
xaHOJibHoe xoHJiHBo 90 no;5aexca nepes anoAHyio noBepxHocxb pas^ena KaxajiH3axop/3JieKxpojiHX, HMeex Mecxo 
3JieKTpoxHMHqecKaH peaKuna, reHepnpyiomaa npoxoHBi h 3JieKxpoHi»i. SjieKxponpoBo^mHii anoji 20 coeOTHen 
c BHemHCH 3JieKxpHHecKOH i^entio, Koxopaa necex 3jieK'rpoHi>i npH nojiy^enHH 3JieKxpHqecKoro xoKa. TIojih- 
MepHBiH 3JieKxpojiHx 10 sBjiHexc^ 061.IHH0 iipoxoHHbiM iipoBOAHHKOM, H npoxoHLi, reHepHpoBaHHbie Ha aHOA- 
HOM KaxajiHsaxope, MHipBqpyiox nepes 3JieKxpojiHT 10 k Kaxofly 50. Ha KaxoOTofi KaxanHXH^ecKoli nosepxHocxH 
pasAejia npoxoHBi oG-beAHiiaioxcH c 3JieKxpoHaMH h KHCJiopo^OM c nojiy^eHHCM Bo;i[bi. 

KaxaJiHsaxop 56 oGbpiho HBjiHexca MejiKOOTcnepcHtiM MexajiJioM, xaKHM KaK luiaxHHa, h OTcneprHpyexca 
Ha 3JieKxpoHoiipoBOAHmeM HOCHxejie 52 c BticoKoii nHoni;a;xbio nosepxHOCXH. 

Maxepnan 3JieKxpoHOiipoBOAaniero hochxcjih 52 b PEMFC o6i.ihho cocxohx H3 yrjiepoflHtix HacxHU. Vr- 
jiepoM HMeex 3JieKTpoiipoBOOTOCTb 10"'-10'^ Cm/cm, Koxopaa noMoraex o6jierqHxi> npoxoacAeHHc 3JieKxpoHOB 
ox KaxajiHsaxopa 56 bo BHemmoio 3JieKxpHqecKyK) Kens. ITpoxoHoiipoBOOTmHe MaxepHajiM 54, xaKHe KaK 
Nafion, Hacxo BBo;iax oth o6jierqeHH3i nepenoca npoxoHOB ot KaxajiHsaxopa 56 k noBepxHOCXH pas^iejia mcm- 
6paHbL 

fl^iH o6jierHeHHfl o5pa30BaHHfl h nepenoca npoxoHOB h 3JieKxpoHOB h npeAoxBpameHHa BbiCMxanHa mcm- 
6paHBi 10 xoiuiHBHBie 3JieMeHxi>i pa6oxaK)x b ycjioBHsix ysjiaHCHeHHa. Jljui cosAanna yKasaHHtix ycjiOBHH rasM 
BOAopoAHoro xonjiHBa 90 h KHCJiopo^a 80 yBjiaacHJUOx nepefl nocxyiuieHHeM b xoiuiHBHuii 3JieMeHx. B 3JieK- 
xpoKaxanHsaxope Ha HocHxejie (52+56) yrjiepoA aBJiaexca oxHocnrejitHO rHApo4)o6Hi,iM, h KaK xaKOBOfi rpa- 

HHHHBIH KOHXaKX MCHC^y peaKUHOHKblMH FasaMH, BOAOH H nOBCpXHOCXblO XBep^blX 3JieKXpOAOB BHOCHX BKJiaA 

ymepoaa b BbicoKoe KOHxaKXHoe 3JieKxpHHecKoe conpoxHBJieHHe h oMH^ecKHe noxepn 3HeprHH b xoruiHBHOM 
3JieMeHxe, npHBOAHmne k hhskoS: 34)4>eKXHBHocxH xoiuiHBHoro 3JieMeHxa. 

fljM xoro HXo6bi ysejiHHHXb noABH»cHocxb iipoxoHOB B 3JieKxpoKaxajiHXHqecKOM cjioe, 3JieKxpoKaxaJiH3a- 
xop AHcneprnpyiox na npoxoHonpoBOAamnx HOCHxejiax. VKasaHHije hochxcjih nacxo CHHXcaiox 34M|>eKXHB- 
Hocxb 3JieKxpoKaxajiH3axopa 6jioKHpoBaHHeM aKXHBHbix ynacxKOB h xaic^e CHHXcaiox 3jieKxpoHHyio npoBO^H- 

MOCXb. 

B opaMOM MexaHOJibHOM xohjihbhom 3JieMeHxe (DMFC) acH^Koe MexanojibHoe nHxanne co^epacHX H2SO4 
ana oGjierneHHa OKHCJienna Mexanojia h oGecneneHHa HOHHoii upoboahmocxh b yrjiepo^HOM KaxariHsaxope, 
Koxopaa b npoxHBHOM cjty^ae orpaHHHHBaexca xojibKO KaxajiHsaxopoM b npaMOM KOHxaKxe c xBepAOH MeM6pa- 
HOH. H2SO4 npoHHKaex b anoAHyio cxpyKxypy, oSecncHHBaa HOHHyio npoBo^HMocxb nepea 3JieKxpoA, xaKHM 
o6pa30M, o6ecneHHBaa bosmojkhocxb HcnojibsoBaHHa 6ojibuieH ^acxH KaxajiHsaxopa, hxo ^aex yjiyMmcHHbie 
xapaKxepHCXHKH. O^HaKO Hcnojib30BaHHe H2SO4 asjiaexca HesKejiaxejibHbiM H3-3a a^copSHpoBaHHa cyjib4>ax- 
Hbix HacTun Ha 3JieKxpoOTOH noBepxHocxH, a xaicace Koppo3HOHHOH npHpoflbi khcjioxm. 

Hacxoamee H3o6pexeHHe HanpaBJieHO na peineHHe BbimeyKasaHHbix iipo6jieM, no KoxopoMy yrnepoAHbiH 
Maxepnaji HocHXCJia b sjiCKxpoKaxafiHsaxope cyjib4)Hpyexca ana yBejiHHCHHa npoxoHHOH npoBOztHMOcxH h 
yjiynmeHHa oKHCJieHHa Mexanojia. OyHKUHonajibHbie rpyniibi cyjib4)OKHCjioxbi, XHMHnecKH CBasaHHbie c yrjie- 
poAHbiM HocHxeJieM B sjicKxpoKaxajiHsaxope, cnocoGcxByiox JierKOMy oGMeny npoxoHOB h no3xoMy yBejiiwH- 
Baiox 3^4>^^^^™BHOCXb xonjiHBHoro 3JieMeHxa. 

B HacxoameM H3o6pexeHHH cyjib4)HpoBaHHbiH yrjiepoAHbiH Maxepnaji HMeex rHApo(|)HJibHbi]H xapaKxep h 
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no3TOMy yjiynmaeT HcnojibsoBaHHe Bojxbi b npHMeneHiiflx toidihbhbix 3JieMeHT0B. 

06fcIHHbIM 3JTeKTpOJIHTOM HSJIHCTCH BCmeCTBO, KOTOpOC OTCCOUHHpyeT Ha nOJIO»CHTeJIfcHO sapHMceHHbic H 

oxpHaaxejibHo 3apH>KeHHbie hohbi b npHcyxcxEHH boabi, aejiaa BomhiU pacxBop 3JieKTponpoBOAamHM, 3jieK- 
xpojiHTOM B PEM-ToruiHBHOM 3JieMeHTe HBJMexcfl nojiHMepHaH MeM^paHa 10. OGbihho xojimHHa MeM6paHHoro 
MaxepHajia (HanpHMcp, Nafion) naxoOTTCH b HHxepsaJie 50-175 mkm. 

nOJIHMepHBie 3JieKXpOJIHTHI>ie MeMGpaHbl 10 ABJISIOXCH JIO HCKOXOpoJl CXeneHH Heo6bIHHfcIMH 3JieKXpOJIH- 

xaMH B TOM, HTO B npHcyxcxBHH BORhi, KOTopyio MCMGpaHa 10 JiexKo a6cop6Hpyex, oxpHuaxejiBHbie hohli jierKO 
y^epHCHBaioxcH b hx cxpyKxype. Tojibko npoxoHbi, cojxepKamHecH b MeM5paHe 10, hbjihioxch hoabhjkhbimh h 
cBoGoflHbiMM, Hxo6ti HecxH nojioacHxejiBHbiH sapaA nepes MeM6paHy 10. Bes yKasaHHoro ABH»ceHHa b xoiuihb- 
HOM 3JieMeHTe sjieKxpmecKaH aent ocxaexcH pasoMKHyxofi, h tok hc nnex. 

IlojiHMepHBie 3JieKxpojiHXHBie MeM6paHBi 10 Moryx 6bixi. oxHocHxejibHO npoHHbiMH cxa6HJibHfciMH Beme- 
cTsaMH. yKasaHHbie MeMdpaHti 10 xaioKe Moryx 6i>ixl 3(})4)eKXHBHi»iME[ rasoBbiMH pasflejiHxejWMH. HecMOxpa na 
xo Hxo PEM HBJiaioxcH hohhbimh npoBOOTHKaMH, OHH He npoBOAHX 3JieKxpom>i. OpraHHHecKan npHpo^a cxpyK- 
xypti iiejiaex ee 3JieKxpoHHi>iM H30JMxopoM. IIocKOJibKy 3JieKxpoHi>i He Moryx MBHraxtc^ nepes MeM6paHy 10, 
3JieKxpoHBi, nojryHeHHbie na cxopone xonnHBHoro 3JieMeHxa, moji^hbi nepcMemaxtca nepes BHemHioio sjick- 
xpmecKyK) uent k ^cpyrofi cxopoHC xonnHBHoro sneMCHxa jum saMbiKamia uenH. IIpH npoxo^K^eHHH yKasaHHo- 
ro BHeniHero nyxH 3JieKxpoHi>i npoHSBOOTx 3JieKxpHHecKyio 3Heprmo. 

nojiHMepHOH 3jieKxpojiHXHOH MeMGpaHOH 10 Moacex 6bixi> xBepatm opraHH^ecKHH nojiHMep, oSbiHHO no- 
jiH(nep4)Xopcyjii>4>OKHCjioxa). THOHHHbiH MeM6paHHbiH MaxepHaji Nafion HMeex cjie^yiomHe xpH ynacxKa: 

(1) Te4)JiOHonow6Haa 4>TopyrjiepoOTafl ocHOBHaa ixem jiJimiovL b coxhh noBxopaiomHXCfl SBeHtes -CF2- 
CF-CF2-; 

(2) 6oKOBi.ie uenH -O-CF2-CF-O-CF2-CF2-, Koxoptie coeOTHsoox ocHOBHyio aenb MOJieKyjibi c xpexbHM 
ynacxKOM; h 

(3) HOHHbie nyHKH, cocxoamae H3 hohob cyjib4)OKHcnoxi>i SOa", H^. 

OxpHaaxcjibHbie hohbi SO3* nenpepbiBHO npHcoeOTHsooxcH k 6oKOBOii uemi h hc Moryx OTHraxbca. Oa- 
HaKO Kor^a MeM6paHa 10 cxaHOBHxcH rHApaxHposaHHOH a5cop5HpoBaHHofi BOAoii, BOAopoAHbie hohbi cxano- 

B5IXG5I nOMBH3KHbIMH. HoHHOe ABHMCeHHe OCymeCXBJIfleXCH npOXOHaMH, CBHSaHHBIMH C MOJICKyJiaMH BOAbI, MHT- 

pHpyiomnMH ox SOs'-ynacxKa k SOs'-ynacxKy b MeiviGpane. BjiaroAapn yKasaHHOMy MexaHHSMy XBepAwfi xha- 

paXHpOBaHHblil 3JieKXpOJlHX HBJiaeXCa XOponiHM npOBOAHHKOM BOAOpOAHBIX HOHOB. 

HocHxejib KaxajiHsaxopa 52 cjiysKirr npoBOAHHKOM 3JieKxpoHOB h npoxoHOB h am KpeiineHH« KaxanHsaxo- 
pa 56 (nanpHMep, 6jiaropoAHoro Mexaiuia). MHorne ycHJiHH hmcjih aejibio chhshxi* cxohmocxb xonnHBHWX 
3JieMeHxoB npH chhjkchhh ypoBHeii KaxajiHsaxopa 56 hs 5jiaropoAHoro Mexajuia (nanpHMep, imaxHHbi) H3-3a 
cxoHMOCXH 6jiaropoAHoro Mexajuia. Oahhm nyxeM cHH^ceHHa yKasanHofi cxohmocxh HBjwexcH co3AaHHe cjioh 
HOCHxejM KaxajiHsaxopa 52 c MaKCHMantHO bo3mo»cho bbicokoh miomaABK) noBepxHocxH. 

3neKxpoAbi 20, 50 xonjiHBHoro 3JieMeHTa o6brqHO cocxoht H3 yrjiepoAa 52, Ha KOXopoM AHcneprHpoBanti 
OHeHt He5ojismHe MexajuiHHecKHe HacxHm»i 56. 3jieKxpoA jibjikcxck oxnacxH nopHcxbiM, xaK mo rasti Moryx 
AH(j^(]^yHAHpoBaxb Hepe3 Ka»cAi»iH 3JieKxpoA c AOCXH»ceHHeM KaxariHsaxopa 56. KaK Mexajui 56, xaK h yrjiepoA 52 
xopoino npoBOAHx 3JieKxpoHbi, xaK hxo 3jieKxpoHbi cnoco5Hi.i cbo6oaho ABHraxbca nepes 3JieKxpoA. He6ojii,- 
moH pa3Mep MexajuiHqecKHX HacxHu; 56 okojio 2 hm b AHaMexpe pjm 6jiaropoAHoro MexajiJia Aaex 6ojibmyK) 
o6myio luiomaAB nosepxHOCxH Mexajuia 56, Koxopan aBJiaexcH Aocxynnofi: ajih MOJieKyji rasa. 06u?aH luiomaAb 
noBepXHOCXH HBjiaexca onenb 6ojii>inoH, Aa>Ke KOXAa oGmaa Macca Mexajuia 56 HBJiflexcfl HeGojxfciuoH. 3xa bbi- 
coKaH AHcnepcHH KaxaiiHsaxopa 56 ^sji^exca oahhm ^aKxopoM reHepnpoBaHHH aACKBaxHoro noxoKa 3JieKxpo- 

HOB (xOKa) B XOHJIHBHOM 3JieMeHxe. 

TIpoBOAsmHe HOJiHMepbi sbjihioxch KJiaccoM nojiHMepoB c conpaHceHHOH abohhoh cbhsbio, hbh 3JieKxpH- 

HCCKHe IipOBOAHMOCTH CpaBHHMbI C IipOBOAHMOCXflMH OX HOJiynpOBOAHHKOB AO MCXaJIJIOB B HHXepsaJie OX 0,1 

AO 100 Cm/cm. THnHHHbie npHMepti npoBOAflmnx nojiHMepoB BKJUOHaiox nojiHaHHJiHH, nojiHnnppoji, hojihxho- 
4)eH, nojiH(|)ypaH h nojiH^JeHHJieH. KaK nojiHaHHJiHHOBbiii, xaK h nojiHirappojiOBbiii MaxepHEuibi HocHxejia Kaxa- 
jiHsaxopa 52 noKasajiH yjiynineHHyro 3$$eKTHBHOCTb xoiumBHoro sjieMenxa (nanpHMcp, US 5334292 h WO 
01/15253). OAHaKO yKasaHHbie MaxepHajiBi He noKasHBaiOT AJnrrejiBHyio cxadBmBHOCXB b sjieKxpoAHtix ycjio- 
BHax npH aHKJiHqecKOH pa6oxe, 

ripoBOAaiAHe nojiHMepbi, HcnojibsyeMbie b oxAeJibHocxH b KanecxBe MaxepHajia HOCHxejiH KaxaJiHsaxopa 
52, HMeiox 6ojiee BBicoKyio cxohmocxb, MeHBinyio luiomaAt noBepxHocxH h 6ojiee HHSKyio cxa6iuibHOCXi> no 
cpaBHeHHK) c HOCHxejMMH 52 Ha ocHOBe yrjiepoAa hjih cyji&<]^HpoBaHHoro yrjiepoAa HacxoHmero HSoSpexeHHfl. 

IIpHMepoM coBpeMennoro KOMMepnecKoro Kaxajmsaxopa Ha yrjiepoAHOM HOCHxejie ajia xoiuihshbix 3Jie- 
MemoB HBJiHioxcfl npoAyKXbi cepHH HiSPEC (Johnson Matthey, Reading, U.K.), XAe Hcnojibsyexca yrjiepoAHaa 
ca^a xoproBOH MapKH Vulcan XC72 (Cabot Corporation) c pasjiHHHtxMH ypoBHHMH coAep^aHHH ruiaxHHbi (hjih 
Apyroro Mexajuia). YKasaHHbie KOMMepnecKHe KaxajiHsaxopbi na yrjiepoAHOM nocHxejie hbjihioxch onenb Aopo- 
rocxoamHMH. 

OaKxopbi, xaKHe KaK imomaAb nonepxHocxH h aneKxpoHHan npoBOAHMOcxb, HSAaBHa cHHxaioxcH sa^cHbi- 
MH AJia MaxepHajia ymepoAHoro hochxcjih. OAHaKO oxHocHxejibHO Hesna^HxejibHbie HccjieAosanHfl 6biJiH npo- 
BeAeHbi AJIH noHHMaHHH pojiH hjih ahh onxHMHsaixHH yrjiepoAHoro HocHxejia. 

B HacxoameM H3o6pexeHHH yrjiepoAHbiH Maxepnaji cyjib(|>HpyK)x, yBeJiHHHBaa b pesyjibxaxe npoxoHHyio 
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(h 3JieKTpoHHyK)) npoBOAHMocTB yrjicpoAHoro Maxepnajia. CyjiBi|)HpoBaHHe xaKace oGecneHHsaex ynacxKH 
npHKpeimeHHH ajih Mexajuia, hxo ;iaex b pesyjibxaxe ysejiBraeHHyio cnoco6Hocxi> Mcxajuia k 3JieKxpoAHOii peaK- 

UHH. 

FjiaBHan Hacxb cxohmocxh, cBHsaHHoii c ajiCKxpoAaMH, oxhochxch k BMCOKoit cxoHMOCXH Mexajuia, H3 ko- 
xoporo BBinojiHeH KaxajiHsaxop 56. Tojibko xe KaxajiHxmecKHe ynacxKH, Koxopfcie naxoAaxca Ha noBepxHOCXH 
KaxajiHXHHCCKHx HacxHU, BHOCHx BKJiaA B KaxajiHXHHecKyio aKXHBHOcxB 3JieKxpoAa, H, xaKHM o6pa30M, 3JieK- 
xpoMW c HaH6ojibmeH 4)paKUHeH MexajuioB, ^(ocxynHOH oth peaiaiHH, uojDKHhi 6hirb HanSojiee 3(]^4>^k'^™^i^^* 
Vrjiepoj^Hwe hochxcjih 52 c bbicokoh nopHCxocxBio ;iaK>x "saxBanenHBie" ynacxKH MexajiJia, Koxoptie hbjihioxch 
HCMOCxynHtiMH juin 3jieKxpo4HOH peaKUHH. Cxenem, ^HcneprHpoBaHna MexajuimecKoro KaxajiH3axopa 56 Ha 
MaxepHajie HOCHxejia 52 h cxaGnjiBHOcxt xaKoro BticoKoro flHcneprnpoBaHH5i npH HcnojiBsoBaHHH, x.e, ycxoH- 
HHBocxb KaxajiH3axopa k cncKaHHio jn/umi arjioMepHpoBaHmo, np^o cooxhochxch c imomaAbio nosepxHocxH 
H jDEOcxynnocxH y^acxKOB noBepxHocxH, na KOxopBix MO»cex 6bixi> npHKpeiuieH OTcneprapoBaHHtifi MexajiJi 56. 

B HacxonmeM H3o5pexeHHH cyjii>4)HpoBaHHi»iH yrjiepoOTD^iii MaxepHan cnoco6cxByex OAHopo^HOMy jmc- 
neprapoBaHmo h cxaGrniHsai^HH MexajuiH^ecKHX nacxHU npHKpermeHHeM Mexajuia k cyjib4>OHaxHBiM rpynnaM, 
npHcyxcxsyiomHM na yrjiepoj^HOM Maxepnajie. KpoMe xoro, npHKpeiuMiomHe rpynnbi npenaxcxByiox arjioMe- 
pjaqpoBaHHK) h cncKaHmo KpHCxajiJiHXHbix nacxna Mexajuia (nanpHMep, imaxHHbi (Pt)). 

^eJiaxejibHO cosjiaxb HOCHxejib KaxaiiHsaxopa 52, Koxopbiii hmccx BbicoKyio luiomajxb nosepxHOcxH, a 
xaK}«e 6ojiee BbicoKyio noBepxHocxHyio hjioxhocxb yqacxKOB nosepxHocxH npHKpeiuieHHH, hcm hochxcjih Ka- 
xajiHsaxopa, cocxoamHe HCKJiioHHxejibHO h3 Hecyjib^npoBaHHoro yrjiepo;^a, 3xo 6yAex ysejiH^HBaxb h cxaGn- 
jiHSHposaxb OTcnepcBOO MexajuiHHecKoro KaxajiHsaxopa 56 h, xaKHM oGpaaoM, orpaHUHHBaxb Heo6xoflHMoe 
KOJiH^ecxBo KaxajiHsaxopa 56. Hacxonmee H3o6pexeHHe npe^xycMaxpHsaex PEMFC-sjieKxpo^, Koxopbiii MO»cex 
6bixb nojiy^eH c MCHbinHMH saxpaxaMH, neM 3JieKxpoAbi, HMeioiUHe HCKJUOHHxejibHO yrjiepo^tHbiM HOCuxejib 

HJIH HCKJIIOHHXejIbHO IipOBOZlflmHH nOUHMCpHblH HOCHXCJIb. 

rioBepxHocxHaa MOAH4)HKaH,Hfl yrjiepo^Hbix coe^tHHeHHH h MaxepnajiOB 6biJia mnpoKO Hccjie^OBaHa KaK 
cpeflcxBO jxocxHHccHHfl ^EcejiacMbix XHMHqecKHx H 4>H3HqecKHX CBoiScxB, o6biHHO He noKasbiBaeMbix yrjiepofl- 
HbiMH coeflHHCHHHMH H MaxepHanaMH. B HacxHOCXH, BBe;ieHHe cyjib4>OHaxHbix saMecxHxejiefi, Koxopbie xbsuL" 

lOXCa rH^po4)HJIbHbIMH HO npHpO^C, 6bIJIO BOCnpHHHXO KaK BOSMOHCHOe CpejICXBO yBeJIHHCHHH npOXOHHOfi H 
3JieKXpOHHOH npOBO^HMOCXH H oGjierHeHHH BO;iOHCnOJIb30BaHHH B TOIUIHBHblX 3JieMeHxax. 

H, HaKOHeu, HecKOJibKo npe^cmecxByiomHx nonbixoK GbiJio caejiano no cyjib4)HpoBaHHK> yraepoAHbix co- 
eAHHCHHii H MaxepHajiOB. O^HaKo yKaaaHHbie cymecxsyioiime ciiocoGbi ^aiox b jiyqmeM cjiynae neacejiaxejib- 
Hbie H HesHaHHxejibHbie pesyjibxaxbi. B nacxHOCXH, b HSsecxHbix cnoco6ax c5aBiecxByex sHaHHxeJibHaa npo6jie- 
Ma B xoM, Hxo HpesBbinateo xpy^HO H36e»caxb oKHCJieHHH yrjiepoOToro coeflHHeHHH h Maxepnana h nocjie- 
^xyiomero o6pa30BaHHH CMOJioo6pa3Hbix no5oHHbix npoztyKxoB b npoixecce peaKixHH cyjib(|)HpOBaHiM. no3xoMy 
Hacxofliuee H3o6pexeHHe npeaycMaxpHBaex ycoBepmcHcxBOBaHKbiH cnoco6 o6pa30BaHHH cyjib^HpoBaHHbix 
yrjiepoAHMx MaxepnajioB, Koxopbiii sHannxejibHo MHHHMHSHpyex OKHCJicHHe yrjiepo^bix MaxepHanoB h o6pa- 
soBaHHe He^cejiaxejibHbix h npo6jieMaxHHHbix CMOJioo6pa3Hbix no6oHHbix npo;:^yKXOB. 

KpoMe xoro, cymecxByiomne cnoco6bi ^ocxhtjih aejiH xojibKO b cosAaHHH cyi[b(|)HpoBaHHbix yrjiepo^Hbix 
MaxepnajioB, HMciomnx MHHHMajibnyio cxencHb noBepxHOcxHoro 3aMemeHHJi. Hacxoamee H3o6pexeHHe npe^y- 
CMaxpHBaex cyjib<^HpoBaHHbie yrjiepoAHbie Maxepnanbi, HMeiomHe HeoaKHAaHHO snanHxejibHyio cxeneHb no- 
BepxHocxHOfi MOOT^HKai^HH, c HOJij^CHHeM B pesyjibxaxc HaHJtyHiimx xapaKxepHCXHK h cbohcxb b npHMcne- 

HH)IX XOIUIHBHblX 3JTeMeHXOB. 

no BbimeyKaaaHHbiM npiMHHaM yjiynmeHHe KaxajiHsaxopa na HOCHxejie aBJiaexcfl HcejiaxeJibHMM h 6buio 
AOCXHFHyxo c cyjib(i)npoBaHHbiMH yrjiepoj^HbiMH MaxepHanaMH HacToamero H3o6pexeHHH: 

KpaxKoe onHcaHHe H3o6pexeHHfl 

B cooxBexcxBHH c 3a;i;aHaMH nacxoamero H3o6pexeHHH, KaK BKJiiOHeHO h nmpoKO OHHcano b ^anHOM onH- 
caHHH, AaHHoe H3o6pexeHHe oxhochxch k npoBo;iHmHM yrjiepo^^aM, b nacxHocxH, k npoxoHonpoBO^aiUHM yr- 
jiepo^iaM. 

Hacxoamee H3o6pexeHHe BKjnonaex KOMno3Humo, co;iep^amyio MCJiKOAHcnepcHbiH cyjib4)HpoBaHHbiH 
yrjiepo^mibiH Maxepnaji. Hacxoamee H3o6pexeHHe oxhochxch k yrjiepo^HOMy Maxepnajiy c MOOT4)HiiHpoBaHHOH 
noBepxHocxbio, co^epacameMy mhoxcccxbo cyjib4)OHaxHbix sawtecxHxejieii o6mefi (})opMyjibi -SO3M, noBepxHO- 
cxHo-CBH3aHHbix c HHM, FRO M jipczicxaBJiHex co5oH BOMopoA HJiH KaxHOHHbie HacxHUbi. Yrjiepo^iHbiH MaxepHan 
c MOOT4>HiiHpoBaHHOH HOBcpxHocxbio Mo»cex HMexb noBCpXHOCXHyio axoMHyio KOHEteHxpauHio cepbi, npHcyx- 
cxByiomeii b nosepxHOcxHo-cBasanHbix -SOsM-ocxaxKax, HSMepcHHyK) mcxo^iom peHxrenoBCKOH 4)oxo3JieK- 
xpoHHOH cneKxpocKonHH (XPS), 6ojiee nprnviepHo 0,25% oxHOCHxejibHo o6meH nosepxHOCXHOH axoMHoii koh- 
ueHxpauHH yrjiepo^Horo Maxepnana c MOOT4>HaHpoBaHHoii noBepxHOCXbio. 

Hacxoamee H3o6pexeHHe xaK»ce oxhochxch k hcckojibkhm wnoJiHHxejibHbiM KOMnosHimwM, cojotep^KamHM 
yrjiepo^lHbiH MaxepHan c M0^tH4)Huiq50BaHH0H noBepxHocxbio nacxoamero H3o6pexeHH)i. 

Hacxo^mee H3o6pexeHiie oxhochxcji k cnoco6aM BBejieinw cyjib(^OHaxHbix 4)yHKUH0HajibHbix rpynn Ha 
noBepxHocxb yrjiepoAHbix MaxepnanoB h nojiyqemibiM b pesyjibxaxe yrjiepo;^HbiM MaxepnajiaM c MOjm^mxfinpo- 

BaHHOfi nOBepXHOCXbK). 

Hacxoamee H3o6pexeHHe oxhochxch k cnocoGy noJiyneHHii yrjiepoOToro MaxepnaJia c MOAH(|)HmipoBaH- 
HOH noBepxHocxbio. Cnoco6 BKJiioHaex BsaHMO^eHcxBHe anrHMpHAa o6meH 4>opMyjibi (R-C0)20 c cepHOH kh- 



-4- 



009587 



cjiOTOii B ycjioBHHx, 3(^4)eKTHBHi»ix ffjisi o6pa30BaHHfl opraHKraecKoro cyjib^nTHoro npoMeHcyxoHHoro coe^HHe- 
HHH o6meH (^opMyjiM R-(C0)0-S03H, b KOTopoS R npe^icraBJiKer co6oPl ajiH<^aTHHecKHfi aaMecTHxent, Cno- 
co6, KpoMe Toro, BKjnoHaex BsaHMo^eHcxBHe yrJiepoOToro MaxepHajia c opraHH^ecKHM cyjii>4)HXHbiM npoMe- 
5KyxoHHi>iM coeOTHeHHCM, npe;xycMoxpeHHbiM na nepBOH cxa^HH, b ycjiOBHax, 3(J)4)eKXHBHi>ix jijm coa^aniia 
yrjiepOj^Horo MaxepHajia c MOjiH<J)HmipoBaHHOH noBepxHocxtio, coAcp^camero MHO^ecxBO nosepxHOCXHO- 
CBHsaHHtix cyjib4>o^^^THBix saMecxHxejieH oGmeii 4>opMyjn»i -SO3H. 

Hacxoamee H3o6pexeHHe oxhochxch k cnoco6y nojiyneHHa yrjiepo<na c yjiynmeHHoft ajicKxpoHHOH h npo- 
xoHHOH npoBOAHMOCXBK), conep^aiiiieMy cyjii>4>HpoBamie MCJiKO^^HcnepcHoro yrjiepojtHoro Maxepnajia, Bbcj^c- 
HHe cyjii,4>OHaxHbix (|)yHKaHOHai[i»Hi»ix rpynn Ha MCjiKOOTcnepcHbiH yrjiepoMHtm MaxepHaji yjiynmaex cbohcx- 
Ba yrjiepoAHoro Maxepnajia. B nacxHOCXH, ^yHKUHOHaJibHtiMH ipynnaMH hbjmioxch, nanpHMep, rpynnw cyjib- 
4)OKHCJioxM. rpyniibi cyjii>4>OKHCJioxM Moryx 6bixb noBepxHocxHO-CBflsaHbi c yrnepo^^HbiM MaxepaanoM npa- 
MMM cyjib4>iipoBaHHeM. 

PacKpbixo ycxpoHcxBo, co^xep^amee MCJiKo^tHcnepcHbiH cyjii>4)HpoBaHHbm yrjiepo^HbiH Maxepnaji. 

fl;aHHoe H3o6pexeHHe oxHocHxca k npHMeHeHino cyjii>(i)HpoBaHHi»ix yrjiepoAOB b xohjihshbix 3i[eMeHxax. 
^aHHoe H3o6pexeHHe, b nacxHOCxH, oxhochxch k npHMeneKHK) cyjib<|>HpoBaHHbix yrjiepoiiOB b KanecxBe Maxe- 
pnajia HocHxena b KaxajiHsaxopax xoiuiHBHbix 3JieMeHXOB. ^onojiHHxenbHO BKjnoHeH xoroiHBHbiii ajicMCHX, co- 
ziep^camHH anoji, Kaxoa h PEM. 

/i;onojiHHxejii>Hbie npcHMymecxBa AaHHoro H3o6pexeHHJi npe^icxaBJieHbi oxnacxH b nocnejiyiomeM onnca- 
HHH H oxHacxH BH^XHti H3 onHcaHHH HJiH Moryx 6i>ixi. BbiHBJieHbi iipH ocymecxBJieHHH n3o6pexeHHa. ripeHMyme- 
cxBa H3o6peTeHHH 6yffyT peanHSOBaHbi h aocxHTHyxbi c noMomtio ajieMenxos h K0M6HHauHft, b nacxHocxH, 
oxMCHeHHbix B npHJiaraeMOH (|)opMyjie H3o6pexeHHa. flojiacHO 6bixb noHHXHO, hxo KaK BWinenpHBefleHHoe 
KpaxKoe onHcaHHe, xaK h nocjie;5yK>mee noApo6Hoe onHcaHHe hbjwioxoi xojibKo HjmiocxpaxHBHbiMH h ho^chh- 
xeJibHObiMH H He orpaHHHHsaiox H3o5pexeHHe, KaK onpej^ejieHO $opMyjioH H3o6pexeHHa. 

KpaxKoe onHcaHne HepTe^ceii 

Ha npHJiaraeMbix 4>Hrypax, Koxopbie BBe^^eHbI b ^laHHoe onncaHHe h cocxaBJunox ero nacxb, noKasaHO hc- 
CKOJibKO BapnanxoB ja;aHHoro HSoGpexeHHa, h (^Hrypbi BMecxe c oiracaHHeM cjiyxcax ajih noHcneHHa npHHimnoB 
H3o6pexeHHa, 

Ha 4)Hr. 1 noKasaH "xHnHHHbift" PEMFC: Ha $Hr. lA xipeztcxaBJieHa cxeMa PEMFC, na ^m. IB noKasaHa 
Aexajib ysjia sjieKxpo^a h MewcGpaHbi PEMFC. 

Ha $Hr. 2 npe^tcxaBJiCHa cneKxporpaMMa, nojiyqcHHaH mcxoaom peHxrenoBCKofi <|>oxo3JieKxpoHHog cneK- 
xpocKOHHH (XPS), yrjiepoAHofi ca»cH CDX-975, HcnonbsoBaHHofi ot« nojiyneHHa cyjib^HpoBaHHbix iipo;iyKxoB 
npHMepoB. 

Ha 4)Hr. 3 npeAcxaBjiena XPS-cneKxporpaMMa cyjib^HpoBaHHoft yrjiepoAHoii caacH, nojiyHCHHoii b npH- 
Mepe 4. 

Ha ^HT. 4 npe^icxciBJieHa XPS-cneKiporpaMMa BbicoKoro paspemeHHa cyjib^apoBaHHoii yrjiepoOTofi ca- 
MCH, nojiyneHHOii b npHMcpe 4, noKa3biBaioma5i irpoaeHXHoe co^xepacaHHe KHCJiopojDiHbix qacxHO, Koxopbie npn- 
cyxcxByiox b nosepxHOCXHo-cBflsaHKbix cyjib4)OHaxHbix 3aMecxHxejiKX. 

Ha (t)Hr. 5 npeAcxaBjiena XPS-cncKxporpaMMa BbicoKoro pa3penieHHK cyjibc[>HpoBaHHOH yrjiepoanoH ca- 
3KH, nojiyneHHOH b npHMepe 4, noKasbiBaiomaH npoij;eHXHoe coAepacaHHe nacxHu; cepbi, Koxopwe npHcyxcxBjrox 
KaK noBepxHOCXHO-CBH3aHHbie cyjib^OHaxHbie saMecxHxejiH. 

Ha 4>Hr. 6 npe^tcxaBjreHa XPS-cneKxporpaMMa luiaxHHHpoBaHHOii cyjib^HpoBaHHoft yrjiepojiHofi caacH h3 
npHMcpa 4. 

Ha (j^HT. 7 npej:(cxaBJieHa XPS-cneKxporpaMMa BbicoKoro paspenieHiwi, noKasbiBaromaa cyjib4)OHax Ha 
njiaxHHHpoBaHHO& cyjib^HpoBaHHQH yrjiepoAHOH caace h3 npHMepa 4. 

Ha 4>Hr. 8 npe^cxaBjieHbi nojiHpHsaniHOHHbie KpHBbie MeM6paH03JieKxpoflHoro ysjia (MEA), co;iep»camero 
KOMMepnecKHH npoayKX Johnson Matthey n njiaxHHHpoBaHHyio cyjib4)HpoBaHHyK) yrjiepo^tnyio ca)Ky nacxoH- 
mero H3o6pexeHHfl, noKasbmaiomHe xapaKxepHCXHKH Asyx MaxepHajioB b MeM6paH03JieKxpo;i;Hbix ysjiax. On- 
peAeJOuuiH TOK npH H3MeHeHHH noxeHaHajia b Maxepnajiax. 3jieKxpo4 nojiynajiH cnoco6oM "jxeKaJib-nepeHoca", 
paspaSoxaHHbiM Los Alamos Laboratory. fl;jifl Kaayxoro o6pa3ua KaK ano^^, xaK h KaxoA nojiynajiH c npH6jiH3H- 
xejibHbiM coz^epacaHHCM Ft 0,3 mx/cm^. 

Ilcnojib30BajiH cjie;iyK)mHe ycjioBHH anajiHsa: 

TeMnepaxypa ajieMeHxa = 80^C 

TeMnepaxypa KOJi6bi j^aacHeHHfl anoAa — 105°C 

TeMnepaxypa KOJi6bi ysjiaMCHeHHJi Kaxofla = 90°C 

PeaKHjioHHbie ra3bi: 

AuojXHhiPi Bojxopoa = 60 mji/mhh +14 mji/mhh/A 
Kaxo/lHbiH KHCjiopofl = 60 mji/mhh + 8 mji/mhh/A 

B npoixecce anajiHsa na sjieMeHxe noAaepacHsajm npoxHBOAasjieHHe 30 (]^yHx/KB.w>iiM. IIojiyHaeMbie no- 
xcHimajibi He KoppeKXHpoBajiHCb na iR-naAeHHe. 
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noApo6Hoe onHcaHHe H3o6peTeHHfl 

riepefl TeM, kbk 6ysyT onHcan&i HacTo«mHe coeOTHeHHH, KOMno3HUHH, HS^ejiHH, ycTpoiicTBa h/hjih cno- 
co6bi, Heo6xo;iHMO noHHMaxb, hto j^aHHoe H3o6peTeHHe He orpaHHHHBaexcii OTOCJibHbiMH cnoco6aMH CHHxesa; 
OTOejiBHbie cnoco6i>i Moryr, KoneHHO, sapfcHpoBaxfec^. TaoKe aojijkho Gbixb noHaxHO, hxo HcnojiBsyeiviaH b 
AaHHOM oiiHcaHHH TepMHHOJiorHH npejQHasHaHeHa toji&ko oth onncaHHa nacTHbix BapHaHXOB h hc npe^HasHa- 
Hena 6wtb oipaHnraHBaiomeH, 

B ^laHHOM onHcaHHH H B nocjie;iyK>meii 4>opMyjie rooGpexeHM ccBunca ACJiaexcH na paa xepMHHOB, koto- 
ptie onpcAeJieHHo hmciox cjie^iyiomHe sHaHeHHH. 

j5oji3KHO 6bixb oxMeneHO, hxo, KaK HcnoJiBSOBano b onHcamiH h npujiaraeMOH ^opuyjie H3o6pexeHHfl, 

eflHHCTBeHHbie (j^OpMtl BKjnOHaiOT COOTBeXCTByiOmHe MHO^eCTBeHHHe 4>OpMH, eCJIH KOHXeKCT SBHO He yKa3&i- 

Baex Ha HHoe. TaicHM o6pa30M, Haiq>HMep, ccMjiKa na "oKHCJiHxejib" BKjnoHaex cmcch oKHCJiHxejiefi, cctuiKa na 
"BOCCxaHOBHxejib" BKjnoHaeT cmcch flByx hjih 6ojiee xaKHX BoccxaHOBHxejieit h x.n. 

HnxepBajiBi Moryx 6i>ixi> Bbipaacem.! b ^aHHOM onncaHPiH KaK ox "npHMcpHo" o^Horo nacxHoro SHaneHM 
h/hjih flo "npHMepHo" ^pyroro nacxHoro SHaneHHH. Kor^a HHxepsaji xaK onpeAeJieH, ApyroH Bapnanx BKJUOHa- 
ex ox OAHoro nacxHoro 3HaHeHHS h/hjih jio j^pyroro nacxHoro 3HaHeHHa. AnajiorHHHO, Koraa 3HaHeHHa Bbipa- 
3KeHBi npH6jm»ceHHBiMH 3Ha^eHHflMH npH Hcnojii.30BaHHH npe^ibi^ymero "npHMepHo", AOJmno 6i«ixi> hohhxho, 
Hxo HacxHoe 3HaHeHHe o6pa3yex ^^pyroH Bapnanx. KpoMe xoro, AOJiacHO 6i>ixi> hohhxho, hxo KOHeHHBie xohkh 
Ka^ztoro H3 HHxepBajioB hbjmioxch 3HaHamHMH KaK oxHOCHxejiBHo jjpyroH KOHennoH xohkh, xaK h He3aBHCHMO 
ox ;i.pyroH kohchhoh xohkh. 

CcBiJiKH b OHHcaHHH H B 3aKJiK>Haiomeil <j^opMyjie H3o6pexeHHH Ha Mac.H. nacxHoro sjieMenxa hjih komho- 

HCHXa B K0Mn03HUHH HHH H3fleJIHH 0603HaHaK)T MaCCOBOe COOXHOmeHHe Me3K;^y 3JieMeHXOM H KOMnOHeHXOM H 

jiio6i>iMH ApyrHMH 3JieMeHxaMH H KOMHOHeHxaMH B KOMHosm^HH HJIH H3AeJiHH, AHH KoxopMX Bfcipa^eHa Mac.H. 
TaKHM o6pa30M, b coeAHHeHHH, coAepacamcM 2 Mac.H. KOMnoHenxa X h 5 Mac.H. KOMnoHenxa Y, X h Y npn- 
cyxcxByiox b MaccoBOM cooxHomeHHH 2:5 h npHcyxcxsyrox b xaKOM cooxHomeHHH HesaBHCHMo ox xoro, co- 
Aepacaxcfl jih b cocOTHeHHH ^onojiHHxejiBHBie KOMnoHenxH. 

MaccoBfciM npoixenx KOMnonenxa, ecjiH cneunanBHO He yKasano HHoe, oxhochxch k oGmefi Macce peuen- 

Xypbl HJIH K0Mn03HiPHH, B KOXOpyK) BKJnOHeH KOMnOHCHX. 

"Heo6H3axejibHi,iH" hjih "Heo6)i3axejii,Ho" osHanaex, hxo nocjie^OBaxejibHo onHcaHHbiH (})aKX hjih o6cxoa- 
xejibcXBO Mo»cex HMext hjih MO»cex He HMexb Mecxo, h hxo omicaHHe BKJUonaex cjiy^an, Korj^a yKasaHHbie 4)aKx 
HJIH o6cxoHxejii>cxBO HMeiox Mecxo, H cjiyqaH, Koraa He HMeiox Mecxo. 

no;^ XepMHHOM "3(^4)eKXHBHOe KOJIHqeCXBO" K0Mn03HimH HJIH CBOHCXBa, KaK npe^tyCMOXpeHO B flaHHOM 

OHHcaHHH, noHHMaexcH xaKoe kojihhccxbo, Koxopoe cnoco6Ho ocymecxBJiHXt (i)yHKUHio komhoshuhh hjih 
CBOHCXBO, ja,Jisi Koxopbix BbipaaceHo 3(J)4)eKXHBHoe KOJinnecxBo. KaK 6y;tex oxMeneno nnace, xpe6yeMoe xohhoc 
KOJiHHecxBO 6yAex BapbHpoBaxbCH ox cnoco6a k cnoco6y b saBHCHMocxH ox pasjiHHHMx nepeMeHHbix, xaKHX 
KaK HcnojiB3yeM&iH cocxas h Ha6jnoAaeMiiie xexHOJiorHHecKHe ycjioBHfl. TaKHM o6pa30M, HeBosMoacHO onpe^e- 
jiHXb xoHHoe "3(|)$eKXHBHoe KOJiHHecxBo". OanaKO no;ixo;iHmee 3(|)$eKXHBHoe kojihhccxbo Moacex 5i>ixi> onpe- 
AejieHO cneanajiHCxoM b ^aHHOH o6jiacxH npn HcnojiBSOBaHHH xojitKO pyxHHHoro 3KcnepHMeHXHpoBaHHH. 

"ToiuiHBHbiH 3JieMeHx" (FC), KaK Hcnojii>30BaHO B AaHHOM oHHcaHHH, HBJiHexcH 3JieKxpoxHMHqecKHM ycx- 
poHcxBOM, Koxopoe npeo6pa3yex XHMHHecKyio sneprmo b sjieKxpHnecKyio 3HeprHK) 6e3 ropemifl. Pa3JiHHHi.ie 
xHm>i xonjiHBHbix 3JieMeHXOB BKjnoHaiox xBepjxooKCH^iHBifi (SOFC), paciiiiaBHOKap6QHaxm>iii (MCFC), meJioH- 

HOH (AFC), (i)OC(^OpHO-KHCJIOXHI,IH (PAFC), PEMFC H npHMOH MexaHOJIbHBIH (DMFC) XOIUIHBHbie 3JieMeHXI»I. 

"IIpoxoHooGMeHHafl MeMGpana" (PEM) hbjmcxch xaK^e hsbccxhoh hjih xaic^e nasbiBaexcH KaK nojiHMep- 
HO-3JieKxpojiHXHaa MeM6paHa (PEM), xBep^toajieKxpojiHXHa^ MCMSpana (SPM) hjih XBcpAWH nojiHMepHbiii 
ajieKxpojiHX (SPE) b HSBecxHBix xoiluhbhiiIX ajieMCHxax. PEMFC HBJiaexcH xhhom xonjiHBHoro ajieMCHxa, koxo- 
ptiH HcnojiBsyex nojiHMepHO-ajieKxpojiHXHyio MeMGpany fljM nepcHoca npoxoHOB Meac^cy ^yMa KaxajraxH^e- 
CKHMH cjioHMH 3JieKxpoaa, xaKHM o6pa30M, rcHepHpyH ajieKxpHHecKHfi xoK. PEM oSbihho pa6oxaex npH xeMne- 
paxypax ro lOO^C. 

"MeM6paH03JieKxpoAHbifi yseji" (MEA) aBJiaexca xepMHHOM, HcnojitsyeMbiM jajia^ ysjia, KoxopwH oGbihho 

COj^epaCHX nOJIHMepHyK) MeM6paHy C IipHCOeOTHeHHbIMH/CMe3KHbIMH aJieKXpOflHBIMH CJIOHMH. B HCKOXOpblX 

cjiynaax MEA MOHcex xaK»ce BKJUO^axb ra30OT$4*y3HOHHbifl cjioit/Maxepnajibi. 

"MexajuiOM", KaK Hcnojib30BaHO b aaHHOM onncanHH, MO}Kex 6bixb, nanpHMep, AparoueHHbiii MCxajiJi, 
6jiaropa;iHbiH MexajiJi, MexajiJibi luiaxHHOBOH rpyniibi, luiaxHHa, ee cmiaBbi h oKCHflbi h komhoshuhh, Koxopbie 
BKJiiOHaiox nepexoflHbie Mexanjibi h hx oKCHJ^>I. KaK HcnojibsoBano b ^aHHOM oiiHcaHHH, "MexajiJi" wiicxByex 
KaK KaxajiH3axop peaKUHH, HMeionmx Mecxo b xoiuikbhom ajiCMenxe. Mexajin MO»cex BbiAep»cHBaxb CO- 
3arpH3HeHHH H MOHcex xaK»ce ncnojibsoBaxbCH b npHMbix MexaHOJibHbix xoiuihbhbix ajieMenxax. 

"HoHOMep" hbjihcxch HOHonpoBo;iHmHM nojiHMcpoM (HanpHMep, Nafion). HoHOMep nacxo Hcnojibsyrox b 
3JieKxpo;iHOM cjioe ajih ynyHUieHHH hohhoh npoBo^^HMocxH. 

"MeM6paHa" Mo^ex 6bixb Hssecxna KaK nojiHMepo-3JieKxpojiHXHafl MeM6paHa, XBep^aa nojiHMepHaa MeM- 
6paHa, cenapaxop hjih noJiHMepHaa MCMGpana. "MeM6paHOH" HBJiaexcH HOHonpoBo;iflmHfi flH3JieKxpHHecKHH 
Maxepnaji, npoxHB Koxoporo noMemaioxca hjih npHKpenjiaioxcH KaxajiHXHnecKHe 3JieKxpo^[bi. O6biHH0 b na- 
cxoamee BpcMH b xcxkhkc HanGojiee Hacxo ncnojibsycMOH MeM6paHOH HBJwexcH nep4)xopcyjib(|)HpoBaHHbiH 
nojiHMep (HanpHMep, Nafion), KOxopbiH Mo^ex 6bixb nojiynen c pa3JiHHHbiMH xojiiUHHaMH, 3KBHBajieHXHbiMH 
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MaccaMH H T.A. 

"3jieKTpojiHTOM", KaK Hcnojib30BaHO B OTHHOM OHHcaHKH, HBJinexCfl HeMexajuiOTecKHM sjieKxponpoBOA- 
HHK, B KOTopoM TOK npoxoOTT npH ;i;BHMceHHH HOHOB HJiH BemecTBa, KOTopoe npH pacTBopeHHH B nOMXOjDCHmeM 
pacTBopKxejie cxaHOBHrcH hohhbim npoBOMHHKOM. nojiHMepHaH MeM6paHa xoiuiHBHoro ajieMenxa HBJiaexcH 

3JieKXpOJIHXOM. 

"3jieKxpoKaxajiH3axopoM", xaK^e o6o3HaHaeMfciM KaK "KaxajiHsaxop", asjiHexcK Mexajui (KaK onpcAejieHO 
BBime), Koxopbift HBJiaexcfl KaxaJiHxmecKHM jiflsi peaK^Hi^ xoiuiHBHoro sjieMenxa, o6biHHO HaHeceHHBiii Ha ho- 
cHxejiB KaxajiHsaxopa (onpe^ejieHHtm HHMce). 

"KaxajiHsaxopoM Ha HocHxejie" asjiaexca MexaJiJi (KaK onpeAejieno Bbime), AHcneprapOBaHHBiH Ha hoch- 

xejie. 

"HocHxejieM Kaxannaaxopa" HBJiHexca MaxepHan, Ha KOxopoM AHcneprHpoBan Mexajui (KaK onpe^ejieHO 
Bbime), 06MHH0 npoBO^iamHfi (nanpiiMep, yrjiepojiHafl cajKa, npoBOjocamnii nojiHMep hjih MOAH^HUHpoBaHHaa 
yniepoAHaa ca:aca). 

"3jieKxpo;iOM", KaK HcnojiBsosaHO b AaHHOM onHcaHHH, kbjulgtcsi cjiofi 3JieKxpoKaxajiH3axopa Ha HOCHxe- 
jie B KOHxaKxe h/hjih npHKpeiuieHHtifi k MeM^pane. 3jieKxpoA Moacex BKJUOHaxB HOHOMep h jspyriao Maxepnajibi 
b AonojiHCHHe k ajicKipoKaxajiHsaxopy. 

"PeaKixHeil BOCcxaHOSJieHHH KHCJiopofl;a", xaK»ce H3BecxHoii KaK ORR, Kaxo^HaH peaKUHa hjih KaxoAHLiii 
npoiiiecc, aBjMexca peaKUHJi, b KoxopoH ra3oo6pa3HbiH KHCJiopoa BoccxaHaBJiHsaexcji b npHcyxcxBHH npoxoHOB 
c nojiyHeHHeM boabi. 

"PeaKaHJi oKHCJieHHH Bowpo^a" HSBecxHa xaK»ce KaK HOR, aHOAHaa peaKuna nnn aKOjmhdk npouecc. 
Ona ssBjuLGTcsi peaKuaeii, b Koxopoii rasooGpasHtifi BOAopo^ npcBpamaexca b npoxomi h sjieKxpoHti. 

"IIpoxoHbi", HHorjia nasBiBaeMBie b KOHxeKcxe xoimHBHoro 3JieMeHxa KaK H^, BOjiopojxuhie HOHbi hhh no- 
jioKHxejibHBie HOHbi, jiBJijGoxca nojioacHxejibHo sapHiKeHHOH HacxBio BOflopoOToro axoMa, Koxopaa nojiynaexcH 
B pesyjibxaxe peaKUHH KaxanHXH^ecKoro Maxepnajia. 

" Ahoaom" flBJiaexca 3JieKxpoA, HMeex Mecxo peaKUHfl OKHCJieHHH xonnHBa. 

"Kaxo^oM" HBJMexcfl 3JieKxpoA, r^e HMeex mccxo peaKi^aui BOccxaHOBJieHHfl OKHCjiHxejia. 

"ra30AH(|)(i)y3HOHHBIM CJIOCM", H3TH GDL, HJIH HOpHCXBIM 3amHXHBIM CJIOCM, HBJIHeXCK CSlOPi, CMeXCHBllS C 

3jieKxpoAaMH, KoxopbiH cnoco5cxByex OT<]^c^y3HH ra30o6pa3Hbix pearcHXOB nepes 3JieKxpoja;HyK) noBcpxHocxb; 
HM o6i>iHHO HBJiHexcH yniepoAHafl xKam* hjih yrjiepoAcoAep^Kaniiaa 6yMara (nanpHMep, yrjiepoAcoAepacan^aa 
6yMara, B&inycKaeMan Toray). GDL aoji^cch 6i>ixb 3JieKxponpoBOAamHM jvisl nepenoca sjicKxpoHOB nepes 
BHcmmoio ueni». 

"ToKOci>eMHHKOM" flBJiHexcfl Hacxb xoroiHBHoro sjicMCHxa, CMCMCHaa c GDL, nepes Koxopyio sjicKxpoHbi 
npoxoAHx BO BHemmoK) uent; oh xaK^ce Moacex coAep>Kaxi> KanajiBi h npoxoAM (nojie xeneHHa) oth oSjierqreHHa 
ra3opacnpefleneHHa h o6biHHo BbinojiHen h3 rpa4»Hxa hjih npoBOAamnx KOMno3HXOB. 

"Ilojie xeneHHa" HBJiaexca cxeMoil pacnpeAejieHHs ra30o5pa3HBix peareHXOB no sjieKxpo^y. Ilojie xeneHHa 
MO^cex 6bixi> nacxbio xoKoci>eMHHKa h/hjih GDL. 

"HsojiflxopoM", HHH AH3JieKxpHK0M, HBjiflexcH MaxepHaji, KoxopwH HBJiHexcH 3JieKxpoHenpoBOAamHM. 

"3jieKxponpoBOAHMOCXfcK)", HJIH 3JieKxpoHHofi npoBOAHMOCXBio, HBJiflexcfl cnoco6HOcx& MaxepHana npo- 

BOflHXb 3J!ieKXpOHBI. 

"HpoxoHHoii npoBOAHMOcxBK)", HJIH HOHHoit npoBOAHMOcxBK) (IC), flBJMexcH cHocoGHOcxb MaxepHajia 

iq>OBOAHXI. HOHBI HJIH npOXOHBI. 

"njiaxHHHpoBaHHeM", HJIH 6ojiee oGbmno "MexamiHsai^HeH", HBJiaexcH npouecc HaneceHHa hjih oca^c^e- 
HHH MexajiJia (KaK onpeACJieHO Bbirae) na nosepxHocxb hochxcjia KaxajiH3axopa. B nacxHocxH, luiaxHHHpoBaHH- 
eM HBJiHexca npouecc HaHcceHHfl hjih oca»cAeHHH luiaxHHbi (Pt) na noBepxHocxb HocHxeJiH KaxajiHsaxopa. 

"YrjiepoOTofi ca»ceH" flBjiaexca npoBOAamHii aixHHO(|)opMHbija yocepoA, Hcnojib3yeMBiii, HaiipHMep, b Ka^ 
HecxBe HOCHxejiH KaxajiHsaxopa (onpeAejicHHoro BBxme). 

"IIopHCXocxb", HJIH npoHHuaeMOCXb, MO»cex 6bixB HcnojibsoBana aJih o6o3HaHeHHH nopncxocxH yrjiepo^- 
HOH ca^H (x.e. pasHocxH b NSA h STSA H3MepeHH^ luiomaAH noBepxHocxn) hjih MaKpocKoriHHecKOH nopHc- 
xocxH 3JieKxpoAHOH cxpyKxypbi (x.e. oxhochxca k cnoco6HocxH ra30o6pa3Hbix peareHXOB AH(t»<^yHAHpoBaxb 
Hepe3 3jieKxpoMHbifi[ cjioS). 

"YrjiepoAHbiH" oxHOCHxcH K xBepAOMy Maxepnajiy, cocxoameMy, no cymecxsy, h3 3JieMeHxapHoro yrjie- 
po^a. "yrjiepoAHbiH Maxepnaji" npeflHa3HaHeH BKJUoqaxb 6e3 orpaHHqeHHa: i) yrjiepo^Hbie coeAHHeHHa, hmcio- 
mne eAHHCXBeHHyio oiipeAejiHMyK) cxpyKxypy; hhh ii) aiperaiibi yniepoAHbix hbctku^ r^e arperaxti hc aojimchm 
o6H3axejibHO HMexb eAHHyio noBxopHK>n](yiocH h/hjih onpeAejiHeM}^ cxpyKxypy HJiHCxencHb arpernpoBanHJi. 

"MejiKOAHcnepcHBija" osHanaex Maxepnaji h3 oxAejibHBix nacxna. 

"riOJDipHSaaHOHHaH KpHBaH", HHH IV-KpHBaH, HJIH BOJIbXaMHepHaH KpHBaa, KBJIHeXC)! AaHHbl- 

MH/pesyjiBxaxaMH 3JieKxpoxHMHHecKoro anajiHsa MaxepnajiOB MEA hhh KaxajiH3axopa. 

"PeHxreHorpa^HqecKHii mcxoa" (XRD) hbjwcxch anajiHXHqecKHM MexoAOM onpeAejieHHH Kpncxajuioipa- 
4>HqecKHx cBoiicxB Maxepnajxa, b nacxHOCxH, icaK HcnojiBSOBaHO b AaHHOM oimcaHHH, pasMepa AHcneprnpoBaH- 

HBIX MexaJIJIHHeCKHX HaCXHU. 

"PcHxrcHOBCKaH 4)oxo3JieKxpoHHafl cncKxpocKoiiHa" (XPS), HJIH 3JieKxpoHHBiH CKaHHpyiomHH xHMHqe- 
CKHH aHajiH3 (ESCA), flBJiHCxca aHantHXHnecKHM Mexo^oM nojiyqeHHS HH^opMauHH o XHMH^ecKOM cocxoskhh 



-7- 



009587 



MaxepHajioB. 

"CO-xeMocop6mifl", HJiH npome CO, HBjMeTca anajiHTHqecKHM mctoaom onpeflenenHJi jiocxynHoil roio- 
maw noBepxHOCTH MarepHana, b HacTHOcxH, MeTamiinecKHx HacxHU. 

KaK Hcnojifc30BaHO b othhom onHcamiH, xepMHH "ajiKUJi" othochtch k rpyime napa^HHOBoro yrjieBo;^o- 
po^ia, KOTopan mohcct 6biTi> nojiynena h3 ajiKana npn oxGpacBiBaHHH oahofo Bo;xopo;xa h3 4)opMyjii>i. Heorpa- 
HOTHBaiomHe npHMep&i sicniOHaiox Ci-CuajiKaHOBBie nponsBOAHbie, xaKHe KaK Mexim, 3xhji, npoimji, H3onpo- 
nBui, 6yxnji, xpex-SyxHJi h HsoSyxjui. ^oji^cho 6i>ixb nonaxHO, hxo ajiKHjiBHbiM saMecxHxeneM MO»cex Gbixb aji- 
KitnbHbiH 3aMecxHxejib c pasBexBJieHHoit hjih npHMofi uenwo. 

"Cyjib^oHaxHBiH 3aMecxHxejifc" oxhochxch k 4>yHKixHOHajii>HOMy 3aMecxHxejno, coAep^ameMy o6myK) 
4)opMyjiy -SO3". CyjiB4>OHaxin>iH saMecxHxejib b nacxoameM H3o6pexeHHH mojkcx aonojiHHxejitHO co^ep^axB 
M, co3aaBaH b pesyjibxaxe cyjit4>OHaxHBiH 3aMecxHxejib, Koxopbiii HMeex odmyio i^opMyjiy -SO3M. M Moacex 
npe^cxaBjisxb co6og, HanpHMep, Bo^iopoA huh KaxHOHHbie nacxHixbi, xaKHe KaK HaxpHii, KajiHM, jihxh3 hjih aM- 

MOHHH. 

KaK Hcnojib30BaHO b MaHHOM onHcaHHH, xepMHH "(I^JiOKyjiHUHH" OXHOCHXCH K o6i>e5HHeHHK) HJIH arpexH- 
poBanmo cycnenjDiHpoBaHHHX hhh ^oicneprnpoBaKHbix nacxHU xaKHM o6pa30M, hxo ohh o6pa3yiox He6ojii>inHe 
arjiOMepaxbi. 

"noBepxHocxHO-CBHsaHHbifi" oxHOCHxca K saMecxHxejiK), Koxoptiil HBJiaexcH, no cymecTBy, cBHsaHHbiM 
jih6o KOBajienxHO, jih6o hohho, rxtaBHbiM o6pa30M hjih xojibko, c BHeiuHeH noBepxHocxbio yrjiepoOToro Maxe- 
pnajia. SaMecxHxejib, KoxopbiH HBJiaexcH "noBepxHocxHO-CBflsaHHbiM", no cymecxBy, oxcyxcxsyex Bnyxpn hjih b 
cepOTesHHC yrjiepoOToro Maxepnajia. 

"KaxHOHH&ie nacxHUbi" oxhochxcji k nojiosKHxejibHO sapa^eHHUM MOJieKyjiHpHBiM hjih ajieMenxapnuM 
MacxHuaM, cnoco6HbiM o6pa30Bi>iBaxi> HOHHyio cbh3B c cyjiB^^onaxKBiM saMecxHxejieM, KaK onpeAeJieno BBime. 
UpHMepBi KaxHOHHbix HacxHU BKjnoHaiox 6e3 orpaHHHeHHH aMMOHHM, mejiOHHBie Mexajuibi rpynnti I, nanpH- 
Mep, JiHXHH, HaxpHH, KajiHH, py6HAHH, ue3HH H (|)paHUHii, a xaKHce oprannqecKHe ocHOBaHHH, xaKHe KaK ahmc- 
XHJiaxaHOJiaMHH (DMEA) h xpHSxaHOJiaMHH (TEA). 

HacxoHmee HsoSpexeHHe oxhochxch k cnoco6y cyjiB<|)HpoBaHHa MejiKOOTcnepcnoro yrjiepoAHoro Maxe- 
pnajia h nojiy^acMoii KOMno3HUHH. Cyjib^npoBaHHtiH yrjiepoA cjiy^HX b KanecxBe yHHKajibHoro hochxcjm 
KaxajiH3axopa c yBeJiHHeHHCM npoxoHHOH h 3JieKxpoHHOH npoBOAHMOCXH H OAHopoAHoro pacnpcAejieHHfl Me- 
xajijiHqecKHx nacxHu b KaxajiH3axopax na HOCHxejie xoimHBHbix ajieMenxoB. Cyjii>(|)HpoBaHHi>iH yrjiepoA xaK»ce 
yjiynuiaex BOAOHcnojibsosaHHe b OKpy»ceHHH xomiHBHoro ajieMenxa. Hacxonmee H3o6pexeHHe xaK»ce oxhochx- 
CH K ycxpoficxBy, co^ep^ameMy Aannyio komhoshixhio. 

K0Mn03HI^I5I. 

Hacxo)imee H3o6pexeHHe BKJUonaex komhoshuhk), coAep^camyio MCJiKOAHcnepcHbiH cyjib^HposanHBiH 
yrjiepoAHBXH Maxepnaji. KoMnosHUHa Moxcex AonojinHxejibHo coAepacaxb npoBOAsmnii nojiHMep. KoMno3Hn;HH 
Moacex AonojiHHxejibHO cojoiepacaxb Mexajui. 

VrjiepoAHbifl Maxepnaji onncan HHace. MejiKOAHcnepcHtiH cyjiB4>HpoBaHHMfi yrjiepoAHbifi Maxepnaji mo- 
3Kex cocxasjiflxb ox 6ojiee npHMepno 0 ao npHMepno 100 Mac.% komhosheihh Hacxoamero H3o6pexeHHa, na- 
npHMep npHMepno 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96 hjih 97 Mac.%. 
MejiKOAHcnepcHbiH cyjii>(|)HpoBaHHBifi yrJiepoAHbiH MaxepnaJi MOJKex cocxaBJiaxb npHMepno 1-90 Mac.% kom- 
^03H^HH, nanpHMep npHMepno 2, 5, 10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40, 42, 45, 47, 50, 52, 55, 57, 
60, 62, 65, 67, 70, 72, 75, 77, 80, 82, 85, 87 hjih 88 Mac.%. MejiKOAHcnepcHbiM cyjib(|)HpoBaHHi>iH yrjiepoAHbiH 
Maxepnaji Moacex cocxaBJiHXb npHMepno 40-90 Mac.% KOMnosmmn, nanpHMep npHMepno 41, 44, 46, 50, 51, 54, 
56, 60, 61, 64, 66, 70, 71, 74, 76, 80, 81, 84, 86 hjih 89 Mac-%. MejiKOAHcnepcnbiH cyjii.4)HpoBaHHbiH yrjiepoA- 
nbifi Maxepnaji MO^ex cocxaBJiaxt npHMepno 50-80 Mac.% KOMno3HimH, nanpHMep npHMepno 53, 54, 55, 57, 
58, 60, 63, 65, 67, 68, 70, 73, 75, 77, 78 hjih 79 Mac.% Hacxonmero H3o6pexeHH3i. 

KoMno3HUHH Moxcex AonojiHHxejibHO co^epxcaxb npoBOAamnfi nojiHMep. TIpoBOAsmnd nojiHMcp onncan 
HH»ce. ripoBOAfliUHH nojiHMep M6»cex cocxaBjMXb npHMepno 0 Mac.% h Menee npHMepno 100 Mac.% komhosh- 
IXHH nacxoHmero H3o6pexeHHH, nanpHMep npHMepno 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 
75, 80, 85, 90, 95, 96, 97, 98 hjih 99 Mac.%. ripoBOAHii^HH nojiHMcp Moacex cocxaBJiHXb npHMepno 1-50 Mac.%, 
nanpHMep 2, 5, 7, 10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40, 42, 45, 47, 48 hjih 49 Mac.%. IlpoBOAHmHH 
nojiHMep MOHcex cocxaBJiaxb npHMepno 20-50 Mac.%, nanpHMep npHMepno 22, 24, 25, 30, 35, 40, 45, 47 hjih 
48 Mac.% KOMno3HUHH nacxo^mero H3o6pexeHHH. 

KoMnosHUH^ Momex AonojinHxeubno coAepJKaxb MexajiJi. Mexajiji onHcan HH^e. MexajiJi Mo»cex cocxaB- 
JWXB npHMepno 2-80 Mac-% komhoshuhh, nanpHMep npHMepno 3, 5, 7, 8, 10, 12, 13, 15, 17, 20, 22, 25, 27, 30, 
32, 35, 37, 40, 42, 45, 47, 50, 52, 55, 57, 60, 62, 65, 67, 70, 72, 75 hjih 78 Mac.%. Mexajui MO>Kex cocxaBJUixb 
npHMepno 2-60 Mac.% komhoshuhh, nanpHMep npHMepno 5, 7, 10, 12, 15, 20, 25, 30, 35, 40, 45, 50, 55 win 
51 Mac.%. MexajiJi Mo^ex cocxaBJiHXb npHMepno 20-40 Mac.% komhoshuhh, nanpHMep npHMepno 22, 25, 30, 
35 HJIH 38 Mac.%. Mexajui Mo^ex 6i>ixi> pacnpcAejien na liOBepxnocxH KOMnosHUHH. 

Cyjn>4>HpoBaHHbiH yrjiepoAHbiH Maxepnan. 

YrjiepoAHbiM MaxepHajiOM Mo»cex 6i>ixi> JiK)6oit MejiKOAHcnepcnbiH, no cymecxBy, yrjiepoAnbiii Maxepnaji, 
KoxopbiH HBJiaexcH 3JieKxpononpoBOAHmHM yrjiepoAOM h hmccx "Aocxaxonno BbicoKyio" imomaAi* noBepxno- 
cxH. HanpHMcp, Moryx HcnoJibsoBaxbCH yrjiepoAnaa ca^a, rpa(|)Hx, nanoyrjiepoABi, (|)yjiJiepeni»i, 4>yJiJiepeHo- 
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BbiH Maxepjiaji, MejiKOAHcnepcHbiH yrjiepo^x hjih hx cmcch. 
Vrjiepo^iHaa ca>Ka. 

YrjiepoAHbiM MaxepHajioM MWKex 6biTi» ymepoAHaK ca>Ka. Bh5op yrjiepoflHOH ca:»cH b H3o6peTeHHH He 
5iBJiaeTCH KpHxmecKHM. JIio6aH yrjiepoAHaa caaca mojkcx 6i>ixb HcnojitaoBaHa b H3o6pexeHHH. Moiyr hchojib- 
30BaxbCH yrjiepoziHBie caacH c luioma^Bio noBepxHOcxH (asoxHan ruiomaas nosepxHocxH, NSA) npHMepHO 200- 
1000 M^/r, HanpHMep npHMepHO 200, 220, 240, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850 
HJIH 950 M^/r. B nacxHOCXH, MO»cex HcnojibsoBaxbca yrjiepoflnaa cajKa c luioma^K) nosepxHOCXH 240 M^r 
(NSA, ASTM D6556). npe^noHXHxejiBHO, hxoGm yrjiepoAHaa ca^a HMejia MCJiKOcxb, 3(|)4)eKXHBHyio ajih otc- 
neprHpoBaHHH MexafiJia. IlpeAnoHXHxejitHo, HXo6bi yrjiepoOTan ca^a HMejia cxpyKxypy, 3(^$®i^™Hyio Jl^ 
raaoBOH AH(^4>y3HH. 

Cyjib^HpoBaHHcia yrjiepojxuaK caaca Moacex cocxasjiaxb ox 6ojiee npHAiepno 0 npHMepno 100 Mac.% 
KOMno3HUHH HacxoHiuero H3o6pexeHHa, nanpHMep npHMepno 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 
70, 75, 80, 85, 90, 95, 96 hjih 97 Mac.%. Cyjii>4>i*POBaHHaa yrjiepoAnaa ca»ca MO^ex cocxaBjiaxb npHMcpno 
1-90 Mac.% KOMno3HUHH, HanpHMep npHMepno 2, 5, 10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40, 42, 45, 47, 
50, 52, 55, 57, 60, 62, 65, 67, 70, 72, 75, 77, 80, 82, 85, 87 hjih 88 Mac.%. Cyjn>(|)HpoBaHHaH yrjiepoAnaa ca»ca 
MOHcex cocxaBJiaxfc npHMepno 40-90 Mac.% KOMnosHmm, nanpHMep npHMepno 41, 44, 46, 50, 51, 54, 56, 60, 
61, 64, 66, 70, 71, 74, 76, 80, 81, 84, 86 hjih 89 Mac.%. CyjiBcj^HpoBannafl yrjiepoOTaa ca^Ka Moacex cocxasjiflxt 
npHMepno 50-80 Mac.% komhoshixhh, nanpHMep npHMepno 53, 54, 55, 57, 58, 60, 63, 65, 67, 68, 70, 73, 75, 77, 
78 HJIH 79 Mac.% nacxoamero HSoGpexenna. 

CnexmajiHcxbi b flannoii o6jiacxH saMexax, hto nacxHUM yrjiepoOToft ca»cH hmciox (J)H3HqecKHe h sjick- 
xponpoBOziflmHe CBOiicxBa, Koxoptie onpeaejiaipxcH, rjiasHBiM o6pa30M, pasMepoM nacxnu h arperaxoB, 4>op- 
Moii arperaxoB, cxenentio rpa4)HxoBofi[ ynop^moHeiniocxH h noBepxnocxnoii xHMHeiS: nacxHu;. 

KpOMe XOrO, npOBOAHMOCXb SMCOKOKpHCXaJIJIH^eCKHX HJIH BBICOKOrpa(|)HXOBbIX HaCXHU HBJIHeXCH BBime 

npoBOAHMOcxH 5ojiee aMop4)Hi>ix nacxHix. OSbfiho, jiio6aa h3 (^opM nacxHU yrjiepoAHOH ca»cH SBJiaexca noMXO- 
Aameii oth ocymecxBjxeHHa nacxonmero H3o6pexeHHH, h KOHKpexHtiii BLi6op pa3Mepa, cxpyKxypti H cxenenn 
rpa4)HxoBOH ynopMonennocxH sasHCHX ox xpe6oBaHHH k 4)H3iPiecKHM CBoiicxBaM h npoBOOTMOcxn, acejiae- 
MBiM OTH ymepoAnofi ca»cH. 

CneuHajiHcx b ^anHOil o6jiacxH MO^cex Jienco BBi6paxB noAXO^tamyio yrjiepoanyio ca^Ky juia Komcpexnoro 
npHMeneHHH. 

YrjiepoAHBie ca^H aBjiaioxca KOMMepnecKH jiocxynHBiMH {nanpHMep, ox (|)HpMBi Columbian Chemical 
Company, Axjianxa, JS^opjiTKua), 

JJpyrne yrjiepoAHBie MaxepnaJiBi. 

MejiKOAHcnepcHBiM yrjiepo^HbiM MaxepnajiOM MO^ex 6bixb Maxepnaji, hhoh, hcm yrjiepo^tnaa ca»ca. Bbi- 
6op Mpyroro yrjiepoAnoro Maxepnajia b H3o6pexenHH ne abjihcxch KpHXHHecKHM. JIio6oh[, no cymecxsy, yrjie- 
pojimiiA MaxepHan, KoxopBiH jiBjiaexca 3jieKxpoHoiipoBo;xHBiM yrjiepojioM h HMeex "Aocxaxo^no bbicokjto" 
luiomajiB noBepxHocxH, mo^kcx 5bixb HcnojiB30Ban b H3o6pexenHH. HanpHMep, Moryx 6bixb ncnoJiBSOBanBi 
rpa4)HX, nanoyrjiepoMBi, ^yjiJiepenbi, 4)yJiJiepeHOBBiii Maxepnan, MCJiKOAHcnepcHBiH yrjiepo^j; hhh hx cmcch. 

ripeAnoHXHxejiBHO, hxoGbi yrjiepoAHBiH Maxepnaji hmcji mcjikocxb, 3(|)4)eKXHBHyio jajiH AHcneprHpoBaHHfl 
Mexajuia. IIpeAnoHXHxejiBHO, hxo6bi yrjiepoAHBiH Maxepnan hmcji cxpyKxypy, 3(|^(|)eKXHBHyK) AJia rasoBOH ah4>- 

$y3HH. 

CneimajiHCX b ^aHHOit o6jiacxH moskcx jienco BBi6paxB yrnepoflnBiil Maxepnaji jvik KOHKpexnoro npHMe- 
neHHS. 

YrjiepoAHBie MaxepHajiti hbjihioxoi KOMMepnecKH ^ocxynnBiMH. 

CyjiB4)HpoBaHHBiH yrjiepo^iHBifi Maxepnaji Mo^cex cocxasjiHXB ox 6ojiee npHMepno 0 ^o npHMepno 
100 Mac.% KOMno3Hi;HH nacxonmero H3o6pexeHHfl, nanpHMep npHMepno 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 
55, 60, 65, 70, 75, 80, 85, 90, 95, 96 hjih 97 Mac.%. CyjiB^npoBanHBiii yrjiepoz^HBiH Maxepnaji Mo^ex cocxas- 
JMXB npHMepno 1-90 Mac.% komhoshohh, nanpHMep npHMepno 2, 5, 10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 
37, 40, 42, 45, 47, 50, 52, 55, 57, 60, 62, 65, 67, 70, 72, 75, 77, 80, 82, 85, 87 hjih 88 Mac.%. CyjiBcfuipoBannBiil 
yrjiepoAHBiH Maxepnan: mo^kcx cocxaBJiaxB npHMepno 40-90 Mac.% KOMno3HUHH, nanpHMep npHMepno 41, 44, 
46, 50, 51, 54, 56, 60, 61, 64, 66, 70, 71, 74, 76, 80, 81, 84, 86 hjih 89 Mac.%. CyjiB4)HpoBaHHBia yrJiepo^HBifi: 
MaxepHan Moacex cocxasjiaxB npHMepno 50-80 Mac.% komhoshuhh, nanpHMep npHMepno 53, 54, 55, 57, 58, 60, 
63, 65, 67, 68, 70, 73, 75, 77, 78 hjih 79 Mac.% nacxoamero H3o6pexenHfl. 

CyjiBcj^HposannBiii yrjiepoOTBiii Maxepnaji MOMcex 6bixb nojiynen cnoco6oM, oxmcannBiM nnace b pas/tejie 
Cnoco5. 

Hacxoamee H3o6pexenHe oxhochxch k yrjiepoOTbiM MaxepnajiaM c MOAHfj^HOHpoBanHod noBepxnocxBio, 
nojiyHCHHBiM cnoco6aMH, onncanHMMH HH»ce. YrjiepoAHBie MaxepnajiBi c MOAH^HizHpoBannoH noBepxnocxBio 
HMeiox neKOxopBie yjiyqmennBie xapaKxepncxHKH no cpaBnemno c yrjiepoAnbiMH MaxepnajiaMH, noJiynennBiMH 
panee b xexHrnce. 

B OAHOM Bapnanxe nacxoamee H3o6pexenHe oxnocnxca k ymepoAHOMy Maxepnaiiy c MOAH^^HUHpoBannoH 
noBepxHOCxBK), co^epsKameMy mho^cccxbo CBHsannBix c ero nosepxnocxBio cyjiB4)OHaxHBix saMecxnxejiefi o6- 
meii ^opMyjiBi -SO3H. 

B ajiBxepnaxHBHOM Bapnanxe nacxoamee H3o6pexeHHe oxnocHxca k yrjiepoAnoMy Maxepnany c uojm^u- 
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i^oBaHHoil noBepxHOCTbK), coAep»cameMy MHoacecxBO CBHsaHHBix c ero nosepxHOCTbio cyjii>(|)OHaTHi>ix 3a- 
MecTHxejieii o6j3xe& 4>op^^^i -SO3M, b Koxopoii M npe^icxaBJifleT co6oii KaraoHHBie nacTimbi, KaK onpewJieHO 
B AaHHOM onHcaHHH, HanpHMep, aMMOHHM H laenoHHBie Mexajui&i ipynnBi I, TaKHe KaK jikthM» Haxpni! hjih Ka- 

JIHH. 

B aJibTepHatHBHOM BapHanxe cxenenb cyjii>(j)HpoBaHH3i hjih najiiwHe cyjit^oHaxHBix saMecxHxejieH, no- 
BepxHOCXHO-CBAsaHHbix c yrjiepoOTMM MaxepnajioM, MOHcex 6bixb onpe^(ejieHa mcxotom XPS. CooxBexcxBCHHO, 
HCKoxoptie BapHaHXBi cyjii>4>HpoBaHHoro yrjiepoAHoro Maxepnana Hacxoamero H3o5pexeHHH npejtycMaxpHBaiox 
yrjiepojlHBiH MaxepHaji c MOAH4)HmipoBaHHOH noBepxHOCXtio, KoxopBiH hmccx nosepxHocxHyio axoMHyK) koh- 
ueHxpai^HK) cepBi b cyjii>4)OHaxHi>ix saMecxHxejiax, KaK onpeACJieHO Mexo^iOM XPS (c HcnojiBSOBaHHeM npH6opa 
the Physical Electronics 5802 Multitechnique c hcxohhhkom AlKa-peHxrcHOBCxoro HSJiyHCHHH), no MeHtmeii 
Mepe npHMepHO 0,25^ 0,30, 0,35, 0,5, 0,8, 1,0, 1,3, 1,5, 1,7, 1,8, 2,0, 3,0, 4,0, 4,5 hjih 5,0%. B npeOTOHXHxejiB- 
HOM BapHaHxe noBepxHOCXHaa axoMHaa KOHueHxpamwi cepti naxoAHXCfl b HHxepBajie ox He Menee npwMepHO 
0,25% AO npHMepHo 5,0%, hjih b HHxepsajie ox npHMcpno 0,30% j^o npHMcpno 5,0%, hjih b HHxepBajie ox 
npHMepHO 0,35% npHMepno 5,0% oxhochxcjibho o6meH noBcpxHOCxHoii axoMHoii KOHaeHxpaimH yrjiepofl- 
Horo Maxepnajia c MOAH4)HimpoBaHHoii noBepxHocxBio. npn ocymecxBJiemiH c noAxo^amnMH yrjiepoAHbiM 
MaxepHanoM h peaKimoHHHMH ycjiOBHHMH Hacxo^mee H3o6pexeHHe, KpoMe xoro, o6ecneHHBaex yrjiepo;^HBiH 
Maxepnaji c MOAH4)HUHpoBaHHofi noBepxHOCXbio, y Koxoporo nosepxHOCXHaa axoMHaa KOHi^enxpauHH cepti 
npcBBimaex BBiuieyKasaHHtie HHxepBajn>i h sna^enHH. IToaxoMy cxencHL nosepxHOCXHoil MOOT4)MKauHH h h3- 
MepeHHaH noBepxHOCXHan axoMnaa KOHueHxpauHJi cepbi 6y;iyx saBHcexB, no MeHbineii Mepe, HacxHHHo ox 
njiomaOT noBepxHOCXH HcnojiBsyeMoro hcxoahofo yrnepoAHoro Maxepnajia. 

HanpHMep, na ^m-, 3, na KoxopoH npewxaBJien nojiyneKHMH Mexo^oM XPS cneKxp noBepxHocxHofi 
axoMHoii KOHi^eHxpaixHH KOMnosHUHH cyjii>(|)HpoBaHHOH yrjiepo^Hofi caacH, HacxHm>i cepbi, co^epHcameilcH b 
cyjii>(|>OHaxHOM 3aMecxHxejie, npncyxcxByiox b KOJinnecxBe npHMepHO 1,5% oxHOCHxejibHO o6meH nosepxHocx- 
HOH axoMHOH KOHueHxpauHH coeflHHeHHfl cyjii»4>HpoBaHHOH ypjiepoAHOji ca»cH. npn cpaBHeHHH c 4>Hr. 2, na 
KOxopoii npe^tcxaBJien nojiyneHHtiii Mexo;^OM XPS cneKxp noBepxHOCXHoii axoMHoii KOHueHxpai^HH coe^HHe- 
HHa yrjiepoOTOH ca»cH ja,o cyjiB4>i5poBaHHH, x.e. 0,2%, bh^^ho, hxo b cooxbcxcxbhh c oothm BapnanxoM noBepx- 
HOCXHaa axoMHaa KOHueHxpauHa noBepxHocxHo-CBHsaHHBix MacxHu; cepbi ysejiHqHBaexca npH 750% ox npH- 
Mepno 0,2 jio npHMepno 1,5%. 

KpoMe xoro, cneimajitnaH ccbuiKa na 4>Hr. 5 noKasMBaex, hxo npHMepno 89% noBepxHocxno-cBasannHx 
nacxHU cepti, onpe^[ejieHHi>ix na 4)Hr. 3, npncyxcxByex KaK KOMnonenx nosepxHocxHo-cBjisaHHoro cyjiB4)OHax- 
Horo saMecxHxejiH. no3xoMy yrjiepoOTaa cajKa c MojiH4)HUHpoBaHHOH noBepxnocxBio npHMepa 4 HMeex no- 
BepxHOCxnyio axoMnyio Konixenxpaixmo cepti, npHcyxcxByionteH b noBepxHocxno-cBasanHBix cyjn>(|)OHaxHBix 
3aMecxHxejwx npHMepno 1,34%, x.e. 89% ox 1,5% noBepxHOCTHoii axoMHOH KonixenxpauHH nacxHu cep&i, on- 
peflejiennofi na $Hr. 3. 

0^pe;^eJIeHHe mcxojiom XPS Moacex 6i>ixb HcnojiBsoBano jsjm noKasa cxenenn MOjxa^JiKaisjm noBepxno- 
exH onpej[xejieHHeM noBepxnocxnoH axoMnoH KonuenxpauHH KHCJiopoOTObix nacxHU, noBepxnocxHO-CBHsanHBix 
c yrjiepo^HBiM MaxepnajioM, flo h nocjie peaKunn cyjifc4>KpoBaHHH. 

HanpHMep, npn cneunajiBHOM oGpamennn cnoBa k 4>Hr. 3 noBepxHOCxnaa axoMnaa KonuenxpauHH kh- 
cjiopo^a, npHcyxcxByromtero b KOMnosHi^HH cyjib4)HpoBaHHoro yrjiepo^a npHMepa 4, cocxaBJiaex npHMepno 
8,3%. 3xo cpasHHMO c naHajibnofi KonuenxpaimeH KHCJiopoj^a 1,9% ^o cyjib4>HpoBaHHH, KaK noKasano na 
4)Hr. 2. 06paui;eHHe k 4>Hr. 4 noKasbmaex, hxo npHMepno 61,8% noBepxHocxno-CBasannbix KHCJIopo^^HI>IX nac- 
XHU npncyxcxByex KaK KOMnonenx noBepxHocxno-CB^sannbix cyjii>4)OHaxni>ix saMecxnxejieH. HoaxoMy yrjie- 
poOTaa ca^a c MOflH4)HimpoBanHoii noBepxnocxbK) npHMepa 4 HMeex noBepxnocxnyio axoMnyro Konuenxpa- 
umo KHCJiopoOT, npHcyxcxByiomero b noBepxHocxHO-CBHsannbix cyjiB^^onaxn&ix saMecxHxejMX, npHMepno 
5,13%, x.e. 61,8% ox 8,3% noBepxnocxnoH axoMHOH KomxenxpauHH KHCJiopojtHbix nacxHU, onpe^ejieraiOH na 
4)Hr. 3, 

Onpe^iejieHHe mcxo^om XPS Moacex 6i>ixl ncnojiBSOBano jum noKa3a cxenenn MOOT4>MKaimH noBepxno- 
cxH onpe^ejienneM nosepxHOcxnoH axoMHoii KonuenxpauHH Bcero cyjib^onaxnoro saMecxHxejia, nanpHMep, 
-SO3M, rae M npe^icxaBJiaex co6oii Boziopo^ hjih KaxHonntie HacxHip>i, KaK onpejtejieno b ;xaHHOM onncanHH. 
YrjiepoOTBie Maxepnajibi c MOOT^HimpoBannoH noBepxnocxbK) nacxoanxero HSoGpexennH, npeOTOHXHxejibno, 
HMeiox noBepxHOCxnyio axoMnyio KOHuenxpanmo cyjn>(})OHaxHoro saMecxHxejia npn onpe^^eJleHHH mcxo^om 
XPS B HHxepBajie ox npHMepno 0,25% npHMepno 5,0%, BKjnoHaa 3HaHeHHH no MentmeH Mepe npHMepno 
0,5, 1,0, 1,5, 2,0, 2,5, 3,0, 3,5, 4,0 h 4,5%. 

KaK onHcano Bbiuie, yrjiepoAHbiM MaxepnajioM MO»cex 6bixL jno6oii yrjiepoflHbiii Maxepnaji, oco6enHO 
npn ycjioBHH, hxo oh cojiepHCHx ixocxaxonno C-H KonueBBix ynacxKOB, cnoco6Hbix BsaHMo^ieHcxBOBaxb c opra- 
HHHecKHMH cyjn>4)HXHi,iMH npoMe^xoHHbiMH coe^iHnenHHMH B ycjioBHHX, 34>$eKXHBHBix OTH nojiynenHfl ace- 
jiaeMoro yrjiepoAHoro Maxepnana c MOOT^nimpoBannoH noBepxnocxBio. 

OxAejiBHbie npHMepbi no;pcoflflmHx yrjiepoflHbix MaxepnajiOB paccMoxpenti Bbime. 

CpeOT npcHMynxecxB nacxoHmero HSoGpexenna yrjiepo^nbie MaxepHanbi c MOOT4>HUHpoBaHHoii noBepx- 
HOcxBK) nacxoHHxero H3o6pexeHHfl hmciox yjiyHmennyK) npoxonnyK* h ojieKxponnyio npoBO^HMOCXb h bo^ohc- 
nojiBSOBanne npn npHMenennH b xohjihshbix ajieMenxax. 
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npoBOMaiaHH noJiHMep. 

KoMno3Hii;iM Moacex AononHHxejibHO co^epacaxt npoBOOTmnil MaxepHan. npoBo;uimHM MaxepHaiiOM mo- 
JKCT 6mti> jno5oH npOBO/iHmHH MaxepHaji, KOXOpwH HBJiHexca 34)4)eKXHBHbiM paccMaxpHBaeMbix u.ejiefi H30- 
6pexeHHH. B nacxHOCXH, npoBO/iHmHM MaxepnajiOM MO^ex 6bixi> npoBOAam^H nojiHMep. FIpoBOAaiUHM nojiH- 
MepoM MO^ex Gmxb jik)6oIi opraHmecKHH nojiHMep, o6jiaMaK)mHH sjieKxpoHHOH npoBo^iKMOCxtio, nanpHMep, 

CBK3aHHOH C pacnpOCXpaHeHHblMH COnpH»CeHHtIMH/AeJIOKaJIH30BaHHbIMH MHOJKeCXBCHHWMH CB5I3>IMH, H CORQp- 

jKamufi Hepas^ejieHHbie napbi ajicKxpoHOB, KaK oSycjioBJieno HajiHWHeM rexepoaxoMOB. 

Moryx HcnojiBSOsaxBCH, nanpuMep, nojiHaHiuiHH, nojiHnnppoji, nojiHXHo4)eH, nojiH4)3'p^H' 
jiH(napa4)eHiineHOKcii;i), nojiH(napa4)eHHjieHcyjifc(^HA), saMemeHHbie npoBOAamHe nojiHMepBi hjih hx cmcch. B 
nacxHocxH, npoBOAamHH nojiHMep Moasex Bmnonaxb nojiHaHHHHH, nojiiuiHppoJi, nojiH(|)ypaH, nojiHXHO(|)eH hjih 
HX CMecH. Cmcch yKasaHHbix nojiHMepoB Moryx BKjno^axb 4>H3HHecKHe CMecH, a xaKace conojiHMepjbi MOHOMe- 
poB cooxsexcxByiomHx nojiHMepoB. KaK HcnojibsosaHO b aaHHOM onHcaHHH, cctiJiKa na noJiHMep xaKSKe oxBa- 
xbiBaex conojiHMep. B nacxHOCxH, npoBoaamHH nojiHMep mo^kcx co;xep^axb nojinaHHJiHH hjih nojiHnnppoji. 

IlpoBo^lHmHH nojiHMep MOHcex 6BIXB, HanpHMep, HaneceH na, CMeiuan c hjih npHBHX k nosepxHOCXH Meji- 
KojlHcnepcHoro cyjib$HpoBaHHoro yrjiepo;moro Maxepnajia, B cjiynae iiphbhbkh nojiHMep MO»cex 6i>ixb npHBHX 
K cyjib^HpoBaHHOMy yrjiepoOTOMy Maxepnajiy xaKHM cnoco6oM, KaK OKHCjiHxejiBHaa nojiHMepHsauHH. 

Cnoco6 oKHCJiHxejibHoii nojiHMepHsauHH oiiHcaH HH»ce h b oflHOBpeMCHHo paccMaxpHBacMbix saaBKax 
"yrjxepo;iHi>iH Maxepnaji c npHBHXbiM npoBOA^imHM nojiHMepoM juin npHMeneKHH b xoiuihbhbix sjieivieHxax" h 
"Cyjib^HpoBaHHLiH yrjiepoAHBiH Maxepaaji c npHBHXbiM npoBO/iamHM nojiHMepoM jajm npHMeHeHHH b xoiuihb- 
HBix ajieMCHxax", no;iaHHbix 23 Man 2003 r. 

IIpHcyxcxBHe nojiHMepoB b KOHCHHoii KOMnosHUHH Mo^ex 6bixb noOTBep3K;ieHo pesyjitxaxaMH XPS- 
aHajiHsa h Ha6jnojiaeMB.iMH 4>M3HHecKHMH cBoficxBaMH (nanpHMcp, bo3mo3khocxbk> npeccoBaxB luieHKH h3 

K0Mn03HIj;HH). 

CneuHajiHcx b AaHHOH o6jiacxH MOHcex nexKO Bbi6paxB npoBOAamHH Maxepnaji (HanpHMep, npoBoaamnH 
nojiHMep) fljifl KOHKpexHoro npHMeHCHHa. IIpoBOAamHe nojiHMepLi hbjmdeoxch KOMMepnecKH AOCxynHMMH h 
jiexKo nojiynaeMbiMH cneuHajiHCxaMH b AaHHOH o6jiacxH, 

npoBo;i;HmHH nojiHMep MOHcex co^tep^axt rexepoaxoMbi. FexepoaxoMaMH Moryx 6bixb, HanpHMep, N, S h 
O. KojiHHecxBO rexepoaxoMOB b Mac.% KoneHHoro nojiHMepa paBHO Mac.% b MOHOMepe (MOHOMepax), hchojil- 
soBaHHOM OTH nojiHMepa (nanpHMep, 15% N ajm aHHUHHa/nojiHanHJiHHa h 21% N ajih nHppona/nojiHiiHppojia). 
Mecxo HaxoMCAeHHfl rexepoaxoMOB b npoBo^ameM nojiHMepe xaK»ce aaBHCHX ox cooxBexcxByiomero MOHOMepa 

(MOHOMepOB). 

CnemiajiHcx b jiatmoPi o5jiacxH mohccx JiexKO Bi>i6paxb, KaKHe rexepoaxoMBi aojijkhbi naxoOTTBca b koh- 
KpexHOM npoBo^cameM nojiHMepe jijm KOHKpexHoro npHMeneHHa. npoBOAamne nojiHMepbi c rexepoaxoMaMH 
HBJiKioxcH KOMMepnecKH ^xocxynHBiMH H jiexKO nojiynaeMBiMH cneanajiHcxaMH b AaHHOH o6jiacxH. 

ripoBO^camHfi nojiHMep MO»cex 6Bixb HaneceH na noBepxnocxB cyjiBi^HpoBaHHoro yrjiepoAHoro Maxepna- 
jia, HanpHMep, npn wcxaxoHHOM cMemenHH cyjibt^HpoBannoro yrJiepoAHoro Maxepnajia h npoBO^tamero no- 
jiHMepa, Harpexoro b xox MOMenx, Kor^a on nanocHxcH na yrJiepoAHbiii MaxepaaJi. 

npoBOjGymxHH nojiHMep, HanpHMep, c rexepoaxoMaMH, MO^ex 6i>ixb npHBHX na yrjiepoAHyio noBepxHOCXb, 
HanpHMep, c yBejinneHHeM b pesyjiBxaxe ajieKxponpoBo^nocxH cyjib(^HpoBaHHoro yrJiepoAHoro Maxepnajia, h 
03«HAaexcH, HTO cxaSHJiBHocxB ra6pHflHoro MaxepnaJia (x.e. nojiHMep+cyjifc^HpoBaHHBiii yrjiepofl) AOJracHa 
yjiyHniHXbCH. 

Cnoco6 npHBHBKH nojiHMepa xaK^e CHH3Kaex nopncxocxB cyjibc^npoBaHHoro yrjiepoAa. Cnoco6 iiphbhb- 
kh onHcan HH^e h b oOTOBpeMeHHO paccMaxpHBaeMbix 3aaBKax "YrjiepoAHbiH Maxepnaji c npHsnxbiM npoBo- 
;i:amHM nojiHMepoM oth npHMeHeima b xoiuihbhbix 3JieMeHxax" h "Cyjib^HpoBaHHbiH yrJiepo^cHbiH Maxepnaji c 
npHBHXbiM npoBOOTimiM noHHMepoM ffjisi npHMeHeHHK b xoiuihbhbix aneMCHxax", noaaaHbix 23 Maa 2003 r. 

Cyjib4)HpoBaHHbiH yrjiepoAHbiH Maxepnaji c npHBHXbiM nposoAamnM nojiHMepoM, coflep3KamHM rexepoa- 
xoM, xaK5Ke noKa3biBaex rH^po4)HnbHbiH xaparrep h no3xoMy yjiynmaex npouecc yBjiaacHemiH npH hchojibso- 
BaHHH, HanpHMep, b xoruxHBHbix 3jieMeHxax. KpoMe xoro, 6ojiee BbicoKaa npoBOAHMOCXB yKasainibix nojiHMe- 
poB o6jier^aex npouecc nepeHoca 3JieKxpoHOB. 

npoBOAamnKi nojiHMep Moacex cocxaBJiaxb npHMepno 0 Mac.% h Menee npHMepHO 100 Mac.% komhosh- 
ij;hh Hacxoamero H3o6pexeHHa, HanpHMep npHMepno 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 
75, 80, 85, 90, 95, 96, 97, 98 hjih 99 Mac.%. npoBo;xamHH nojiHMep Mo»cex cocxaBjiaxb npHMepno 1-50 Mac.%, 
HanpHMep 2, 5, 7, 10, 12, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40, 42, 45, 47, 48 hjih 49 Mac.%. npoBO^amnH 
noJiHMep MOMcex cocxasjiflxb npHMepno 20-50 Mac.%, nanpHMep npHMepno 22, 24, 25, 30, 35, 40, 45, 47 hhh 
48 Mac.% KOMno3HUHH Hacxoaiuero H3o5pexeHHH, 

ripHBHxoH npoBo^tamHH HoiTHMep (HanpHMcp, c rexepoaxoMaMH), npHBHXbiH na cyjib(|)HpoBaHHbiH yrjie- 
pojXHbiH MaxepHaji, bc^cx ce6a pasjimcno npn Hcnojib30BaHHH b Ka^ecxBe HOCHxejia KaxajiH3axopa, hqu yrjie- 
poAHbiH Maxepnaii b oxja;ejibHOCXH huoch npoBO^unoHii nojiHMep b oxacjibhocxh. 

HocHxejib KaxajiH3axopa. 

KoMno3HixHa nacxoamero HSoSpexeima MO»cex HcnojibsoBaxbca b KanecxBe hochxcjih KaxajiHsaxopa. Ho- 
CHxejib KaxajiHsaxopa Hacxoamero H3o6pexeHHa co^cep^HX MejiKOOTcnepcHBiii cyjib^tHpoBaHHbiiHi yrJiepoflHbiiS 
Maxepnaji. Cyjib4)HpoBaHHbiH yrjiepoAHbiii Maxepnaji onHcan Bbime. 
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HocHTejiB KaTajiH3aTopa mo^kct ^onojiHHxejiBHO coflepacaTL npoBOAsmHH Maxepnaji (HanpHMep, npoBo- 
;iHmHH nojiHMep, co^ep^cauiHii rerepoaxoMM). nposo^nmii MaxepHaji mohcct 5utb HaHeceH Ha MejucoAHC- 
nepcHbiM cyjib^MpoBaHHbiM yrjiepo/mbiM MaxepHaji hjih npHBHX na MejiKOOTcnepcHbifi cyjiB^HpoBaHHBiii yrjie- 
po^^HbiH MaxepHaji, oGpaayn, xaKHM o6pa30M, cAHHBifi MaxepHan. 

Cnoco6 nojiyHeHM hochxcjih KaxajiHsaxopa oimcan hh^c. 

IlpHMep 6 HHDKe noKas&iBaex yBejimeHHe npoxoHHOH h ajieKxpoHHoii npoBo;][HMOcxH HOCHxejia KaxajiHsa- 
xopa Hacxonmero H3o6pexeHiM no q^asHeHmo c Hecyjii>(|>HpoBaHH&iM yrjiepoAOM. 

MexajiJi/KaxajiH3axop. 

KoMno3HmM Hacxonmero H3o6pexeHna Mo»cex ;^onojiHHxejn>HO co^^epacaxi. MexajiJi. MexajuioM MO»cex 
5i>ixi., HanpHMep, nnaxHHa, HpHjimi, ocmhh, peHHH, pyxeHHfi, po;m3, naiuiaAH^, Bana^Hii, xpoM, hjih hx cmccb, 
HJiH HX cmiaB. B nacxHocxn, MexajuioM Mo^ex 6bixb roiaxHHa. 

KaK onpe^ejieHo Bwme, MexanuioM xaioKe Moryx 6i>ixb cnjiasw h okchjibi MexanjioB, 34>$eKXHBHbie b Kane- 
cxBe KaxajiHsaxopoB. 

}KejiaxejiBHo, hxo6i>i 4>opMa h/hjih pasMcp nacxHu Mexajuia o6ecneHHBajiH HacKOJibKO bo3mo3kho Bbico- 
Kyio njion^aflb noBepxHOcxH Mexajuia Ha COTtHHuy Maccbi. ^^ejiaxejitno, hxo6h pasMep MexanuiH^ecKH?^ nacxna 
6hm KaK Mo^KHo MeHtme msi jiocmEsaemui aanHOH i^ejiH. OSbihho b xcxkhkc MexajuiHHecKHe nacxHuu ^oxoott 
npH6jiH3HxejiBHO m 2-6 hm b npouecce Hcnojn>30BaHHH b xohjihbhbix sjieMenxax 6jiaroAap)i cneKanmo. PasMep 
MCHee npHMepHO 2 hm Mo^ex ^axi, jiynmHe xapaKxepHCXHKH. AxoMHas nnaxHHa, HanpHMep, 6Mjia 6m H^teajit- 
hoh h Hai^MeHHOH B rpynnax okojio 3 axoMOB. 

KojiH^ecxBOM Mexanjia MO»cex 6bixx> moGoe KOJiH^ecxBo. KojinqecxBOM Mexamia MO»cex 6bixB 34)(i)eKraB- 
Hoe KaxajiHXHHecKoe KojinnecxBo. CneimajiHCX b ff,amio&^ o6jiacxH motkct onpe^ejinxB KOjmqecxBO, 34)4>eKXHB- 
Htoe jajm ;KejiaeMoji xapaKxepncxHKH. 

MexajiJi Mo^cex cocxaBJwxi* npHMepHO 2-80 Mac.% komhoshuhh, nanpHMcp npHMepno 3, 5, 7, 8, 10, 12, 
13, 15, 17, 20, 22, 25, 27, 30, 32, 35, 37, 40, 42, 45, 47, 50, 52, 55, 57, 60, 62, 65, 67, 70, 72, 75 hjih 78 Mac.%. 
Mexanji MOjKex cocxaBJi^ixt npHMepno 2-60 Mac.% KOMno3HipiH, HanpHMep npHMcpHO 5, 7, 10, 12, 15, 20, 25, 
30, 35, 40, 45, 50, 55 hjih 57 Mac.%. Mexajui Moacex cocxasjiaxb npHMepno 20-40 Mac.% KOMnosnnpHH, HanpH- 
Mep npHMepHO 22, 25, 30, 35 hjih 38 Mac.%. Mexajui MO»cex 6i>itb OOTopo^iHO pacnpe^xcjien na KOMno3Hij;HH, 
HanpHMep, Ha nosepxHOcxH KOMno3HimH hjih B/na npoBOAau^eM nojiHMepe KOMnosHtmn. 

CneimajiHCx b aannoH o6jiacxH Moacex jiexKo Bi>i6paxB Mexajui jxjm HcnoJib30BaHHa b KOMno3Hi^HH jluih na- 
cxHoro npHMenenHfl. MexajuiBi HBJisioxcfl KOMMepnecKH AociynHBiMH. 

KaxajiHsaxop na HOCHxejie/3JieKxpo;t. 

BfciineyKasaHHBiii hochxcjib Kaxaransaxopa Mo»cex ;ionojiHHxejn>HO co^ep^Kaxt Mexajui. VKasannaa Konen- 
Haa KOMno3HUHH MOKex 6MXb KaxajiHsaxopOM na HOCHxejie (hjih sjicKxpoAOM), KaK b xohjihbhom sjicMCHxe. 

HocHxejib Kaxannsaxopa h MexajiJi onncaHbi Btime. Mexajui Moacex Gwxb ojinopoAHO pacnpe^iejieH na 
h/hjih b HocHxejie Kaxannsaxopa. 

KaxajiHsaxop na nocHxejie Mo^cex 6i>ixb nojiynen cnoco6aMH, onncanHbiMH HH^e. HanpHMep, KaxaiiHsa- 
xop na HOCHxejie Moacex 6Bixb nojiyneH cyjib^npoBaHHeM MCjiKOAHcnepcHoro yrjiepoztnoro Maxepnajia h saxeM 
MexajuiHsauHeii MejiKo^HcnepcHoro cyjiL4)HpoBaHHoro yrjiepoAHoro Maxepnajia. AjibxepnaxHBHO, mcjiko^ihc- 
nepcHbiH yrjiepoAHbiH Maxepnaji Moacex 6i»ixb MexamiHSHpoBan, a 3axeM cyjib4>HpoBaH. KpoMe xoro, npoBOAa- 
jjooaPL nojiHMep Mo^ex 6HXb o6pa30BaH h npHBHX k cyjii>4>HpoBaHHOMy yraepoflHOMy Maxepnajiy (nanpiiMep, 
yrjiepo;iHOH caHce) OKHCjinxejibnoH nojiHMepHsaimeii MOHOMepa npoBO^iamero nojiHMepa b npncyxcxBHH cyjib- 
(|)HpoBaHHoro yrjiepoAHoro Maxepnajia h saxeM nocjie;^OBaxejii.HO MexajuinsHpoBan (nanpHMep, luiaxHHHpo- 
Ban). KpoMe xoro, eme npoBOOTn^Hfi nojiHMep mo^kcx Ghxb HaHeceH na yrjiepo^iHufi Maxepnaji, h KOMndSHims 
3axeM MexajuiH3HpoBaHa. 

KaxajiHsaxop na nocnxejie Moxcex HcnojibsoBaxbCH b pasjiHHHbix npHMeneHiMX, xpeCyiomnx xaKoro Kaxa- 
jiHsaxopa Ha nocHxejie. Ojihhm npHMepoM xaKoro npHMCHenHK aBJiaexca npHMeneHHe b xonjiHBHOM sjieMCHxe, 
b HacxHocxH, B KanecxBe ajicKxpojta xoiuiHBHoro ajieMcnxa. 

TaKHe 4>aKxopi>i, KaK njioma^b noBepxHocxH h npoBo^HMOcxb KaxajiHsaxopa na HocHxejie, Hsjiasna pac- 
cMaxpHBaioxcH KaK Ba3KHbie. OxHocHxejibHo neSojibmoH hohck 6i>iji npoBe^ien jxo nacxojimero H3o6pexeHHa no 

nOHHMaHHK) pOJIH H OnXHMH3aiXHH HacxH yTJiepoOTOxo HOCHXeJia. 

B nacxoameM H3o6pexeHHH MCJiKOj^HcnepcHbiH cyjii>4>npoBaHHi,iH yrjiepo^XHbiH Maxepnaji (HanpHMep, yr- 
jiepoAHaa canca) cnoco6cxByex o^^nopo^HOMy ^HcneprHpoBanHK) MexajiJia, xaKOMy KaK npHKpeiuieHHe Mexanjia 
K axoMaM cepbi, npHcyxcxsyiomHM na ca^Ke. KpoMe xoro, npHKpeiuDDomHe rpynrai oGjiemaiox npe^ioxBpame- 
HHe arjiOMepHpoBaHHH h cneKaHHs lUiaxHHOBbix (Pt) HacxHu (hjih ^pyroro Mexaruia). 

CoBpeMeHHbiM cxaHjiapxoM b npoMMuuieHHocxH KaxajiHsaxopoB na yrjiepojuHOM HOCHxejie b xoiuihbhbix 
3jieMeHxax hbjihioxch cepHH HiSPEC 4>HpMbi the Johnson Matthey, o6uhho coAcpHcamne npHMepHO 10-40% 
HJIH 10-60% njiaxHHbi. 

YcxpOHCXBO. 

fl,aHHoe H3o6pexeHHe BKjnonaex pasjiHHHtie ycxpoHcxBa. 
3jieKxpofl. 

3jieKxpo;5 nacxoamero HsoGpexeHiw onncan Bbime. 3jieKxpo;i H3o6pexeHHfl Moacex cjiyaoaxb jih6o ano- 
iloM, Kaxo;^OM, jih6o h xcm, h MpyrHM. 
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MeMGpaHoajieKTpoMHbiH yseji (MEA). 

KoM6HHauHfl aHo;i/MeM6paHa KaxoA (aJieKxpo^j/aneKxpojiHT/ajieiapofl;) b toiuihbhom ajieMenxe HasfciBaer- 
CH MeM5paH03JieKTpoj5m>iM ysjiOM (MEA). PasBHTHe MEA b PEM-toiuihbhbix ajieMenxax npoiruio hcckojibko 
noKOJieHHH. nepBOHanajitHBie MeM6paH03JieKTpo^HBie ysjiti Gbijih pa3pa6oTaHi>i b 60-x roaax jd^jth KocMHHe- 
CKOH nporpaMMbi "/(^eMHHH", HcnojitsoBariH 4 Mr Px/cu^ luiomaAH MeM6paHbi h rcHepHpoBajiH npHMepno 
0,5A Ha Mr Ft. CoBpeMCHHaa xexHOJiorHH Bap&HpyexcH b aasHCHMOCXH ox HsroxoBHxejM, ho o6mee coAep3Ka- 
HHe Ft CHroKaexcfl ox nepBOHa^ajitHoro 4 Mr/cM^ ao npHMepno 0,5 Mr/cM^. JIa6opaxopHi»ie HCCJieaosaHHH xe- 
nept Hcnojibsyiox co^iep^aHHe Ft 0, 1 5 Mr/cM^, Koxoptie cnoco6ffl>i rcHepHpoBaxt npHMepHo 1 5 A/ur Ft. 

KoHCxpyKUHH MeM6paH03JieKxpo;iHoro y3Jia oxJiH^aexca SHaHHxejibHO, ho cjie^^yio^^^je HBJiaexcH o^^hoh H3 
xHHHqHbix xexHOJiornfi. KaxajiHsaxop na HOCHxeJie/sJieKxpoAHbifi Maxepnaji CHanajia nojiynaiox b ^chakoK (^op- 
Me "KpacKH" xmaxejibHtiM cMemeHHCM no^^xo^Hmnx kojihhccxb KaxajiHsaxopa na HocHxejie (nopoinoK Mexaiuia, 
HanpHMep, Ft, ^tHcneprnpoBaHHtiii na yrjiepo^ie) h pacxBopa MeM6paHHoro MaxepHana (noHOMcpa), pacxBopen- 
Horo B pacxBopHxejie, HanpHMep cnnpxax. KaK xojisko "KpacKa" nojiynaexcH, ee HaHocax na nosepxHOCXb 
xBepMoii MeM6paHbi, nanpHMep, Nafion, pa^OM paajiH^Hbix cnoco6oB. CaMMH npocxoH cnoco6 BicinoHaex nane- 
ceHHe "KpacKH" KaxajiHsaxopa np«MO na cyxyio XBepjiyio ^acxb MeM6paHbi. Cjioh BJia^noro KaxanHsaxopa na 
HOCHxejie H MCMGpany narpeBaiox, noKa cjioft xaxajiHsaxopa He cxaHOBHXCH cyxHM. MeM6paHy saxeM nepeso- 
paHHBaiox H npoaejtypy noBxopaiox c jipyrou cxopoHbi. Cjioh KaxajiHsaxopa na nocHxejie naxoOTxc^ xor^ta na 
o6eHX ctopoHax MeM6paHbi. C3^oh MeMGpaHoajieKxpo^HbiH yaeji saxeM noBxopno rHjaipaxHpyioT npn norpy^e- 
HHH B pasGaBJiennbiii khcjioxhbih pacxBop, o6ecneHHBaa, xaKHM o6pa30M, naxoac^^eHHe MeMGpam,! b H^-(]^opMe, 
Heo6xoAHMOH flJM pa6oxLi xomiHBHoro 3jieMeHxa. KoHennoH cxaiiHeii flBjiaexca xnxaxejibnoe cnojiacKHsanHe 
MHCXHJUiHpoBaHHOH BOflofi. MeM6paH03JieKxpoAHMH yaeji xor^a roxoB jvisi BsefleHHA b o6opyTOBaHHe xomraB- 
Horo 3jieMeHxa. 

MeM5paH03JieKxpo;i;ffi>iH yseji Moacex hmcxb o6niyK) xojiniiHHy, HanpHMep, okojio 200 mkm, h o5i>ihho re- 
nepHpyex xok 6ojiee 0,5 A na Ka3KAbiH KBaApaxntiH canxHMexp MeM6paH03JieKxpoAHoro ysna npH Hanpfl>KeHHH 
MGUKjxy KaxoflOM H aHOMOM 0,7 B npH noMenicHHH b xoponio cKOHcxpyHpoBanHbie KOMnonenxM. 

KaxajiHsaxop na HOCHxejie/sjieKxpo^. 

KaxajiH3axop na HOCHxejie/sjieKxpoA nacxoamero H3o6pexeHH« onncan BLinie b paa^ejie "KaxajiH3axop Ha 
HOCHxejie/3JieKTpo;i" . 

KaxanHsaxop na HOCHxejie/3JieKxpoA MO^ex 6i>ixb naHecen na MCMGpany MEA, KOXopbiH onncaH nnace. 
HanpHMep, KaxajiH3axop na HocHxejie Hacxoamero H3o6pexeHHa MOHcex 6i>ixb BBe^en b pacxBopHxejib h "naMa- 
san" Ha MeMGpany. CneunajiHCT b jxasmo^ o6iiacxH JiexKO onpej^ejnax cnocoGbi HaneceKHH KaxanHsaxopa na 
HOCHxejie Ha MeMSpany. 

MeMGpana nepeHoca/3JieKxpojiHx. 

PEM o6ecneHHBaex nepenoc HeoGxo^HMbix npoxoHOB ox ano^a k Kaxo^ty, Ha^eacHo coxpan^ia npn 3X0M 
pas^iejieHHe rasoB. 

TojinmHa MeM6paHbi b MeM6paH03JieKxpoAHOM 3^jie Mo^ex MenaxbCH b saBHCHMOCxH ox xnna MeMGpanbi. 
TojintHHa CJIOH KaxanHsaxopa na HOCHxejie saBHCHx ox KOJimtecxBa Mexajina, HcnojibsyeMoro b Ka»cj?OM 3JieK- 
xpo^te. HanpHMep, jijm cjioh KaxajiHsaxopa Ha HOCHxejie, co^^epxcamero npHMepno 0,15 Mr Ft/cM^, xojimnHa 
CJIOH KaxajiHsaxopa na nocHxejie Mo^cex 6bixB 6jiH3Ka k 10 mkm. Tojimmia cjioh KaxajiHsaxopa na HOCHxejie mo- 
^ex 6bixb, HanpHMep, n^HMepno 0,1-50 mkm, 6ojiee iipeAnoHXHxejibHo b npe^iejiax ox npHMepno 20 ao npn- 
Mepno 30 mkm. 

Tojimnna Bbime 50 mkm npHBo;iHX k yBejiH^enmo npo6jieM, CBHsamibix c MaccoBbiM nepenocoM na 
cxojibKo MHoro, Hxo5bi 6bixb 3^4>©KX™HOH. TojnuHHa KaxanHsaxopa Ha HOCHxejie Moxcex 6bixb onpe^ejiena 
cneanajiHcxoM b AannoH o6jiacxH. 

MeM6paHofl MEA MO»cex 6bixb AHSJieKxpHHecKHii HOHOttpoBOAHmnii Maxepnaji. }KeJiaxejibHO, Hxo6bi 
MCMGpana 6&iJia ^locxaxonno ^lOJiroBeHHOH, Hxo6bi Bbi^i;epacHBaxb ycjioBHH pa6oxbr b xoiuihbhom ajieMenxe. 
IloAxoilHmaH MeM6paHa momccx 6bixb onpe^^ejiena cneunajiHcxoM b zi;aHHoii o5jiacxH. 

MeM^panoH MEA Mo»cex 6bixb HonoMcp, ocoSchho, nep(|)xopcyjib(|)OHaxHbiH HonoMcp. B nacxHocxH, 
MeMGpanoii MO»cex 6bixb nojiHxexpa4)Top3XHJieHCOAep»cain;HH KaxHOHOo6MeHHbiH nonoMcp, xaKoii KaK Nafion 
(DuPont, yHJiMHHFxoH, JQ(ejiaB3p; OafiexBHjm, CeBepnan Kapojinna). Nafion hbjihcxch nep4)opHpoBaHHbiM no- 

JIHMCpOM, KOXOptlH CO^^Cp^HX HeGoJIblHHe npOHOpUHH CyJIbC^OHOBblX HJIH Kap6oKCHJIbHbIX HOHHblX (j^yHKUHO- 

HajibHbix rpynn. Ero oGmyio xHMHHecKyio cxpyKxypy Moacno BHACTb HH»ce, r^e X npe^cxaBjiHex co6oh jih6o 
cyjib(^OHOByio, jih6o KapGoKcnnbHyio (^ynKUHOHajibHyio rpynny, h M npe^xcxasjiHex co5oM[ jih5o MexajijiH^e- 
CKHH KaxHOH B HCHxpajibHOH 4>opMe, jih6o H*^ b khcjioh 4>opMe. 

? 

CFa 

CPs 
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MEA coAep}KHT aHOA, Kaxo^ h MeMGpany. 

Aho;iom Mo^cer 6biti> 3JieKipoja[ HacTO^mero HsoSpexeHiM. SjieKxpoA flojiacen 6BiTb 3JieKTponpoBo;vimHM, 
WcxaTOHHO nopHCTbiM, HTo5bi nosBOJiHTb pearcHxaM AH^^yHAHposaxb k Mcxajuiy, h chocoGhbim hccxh npo- 
xoHbi K MeM6paHe. KaxowM xaioKe Mo^cex GhiTh 3JieKxpoA Hacxo^mero H3o6pexeHHa. 

Ha <|)Hr. 8 noKaaaHa (j)yHKimoHaiibHOCTb MEA HacxoHmero H3o6pexeHHa. 

TonnHBHbift sjieMCHx. 

ToiuiHBHXiiH 3jieMeHX coAepacHX MEA, mrraHHe xoiumsa h inrraHHe okhcjihxcjih. ToiuiHBHiiii^ 3JieMeHX 
oGbiHHO co^ep^cHT MEA, samHXHMe cjioh, hojia xeHeHHfl/xoKocteMHHKH, DHxaHHe xomiHBa h imxaHHe okhcjih- 
xejia. 

MEA. 

MEA onHcaH Bwme. 
3amHXHbie cjioh. 

KoHCxpyKUHH xoiuiHBHoro 3JieMeHxa M03Kex co/^ep5Kaxi> aanmxHtie cjioh. Cjiohmh oGbmno ^bjmioxoi 
OAHH, cjieziyiomHH 3a anoAOM, h apyroH, cjiejayiomHH aa Kaxo;^OM, h ohh BbinojiHeHbi hs nopHcxofi yrjiepoAHoii 
6yMarH hjih yrnepoOToii XKann. YKasaKHBie cjioh BbinojiHenbi H3 Maxepnajia, KOXopwM MO}Kex npoBOOTTb 
ajiCKxpoHBi, BBixo;iHmHe H3 anojta h Bxoff^ume b Kaxo^. 

SaiuHXHbie CJIOH aBJiaioxcji KOMMcpnecKH ^tociynHbiMH hjih Moryx 6bixb nojiyneHbi cneimanHcxoM b ^an- 
Hofi o6jiacxH. ^o/^xo^l;HI^He samnxntie cjioh Moryx 6mxi> Bw6paHi>i cneunajiHCxoM b j^aHHoii o6jiacxH. 

IIOJM XeHeHHfl/X0K0Cl.eMHHKH. 

KoHCxpyKuna xoiuiHBHoro sjicMCHxa MO^ex BKjnoHaxb nonH xeneHHa h xokocbcmkhkh. HanpeccoBaHHoii 
Ha Hapy»CHyio cxopony Ka^c^oro sanmxHoro cjioh MO»cex 6Bixb Aexajib KOHCxpyKmm, HasbiBaeMaa 6HnojiflpHofi 
luiacxHHoii, Koxopa^ nacxo Bbinojiimex ABOHHyio pojit nojia xeneHHa h xoKocteMHHKa. ILiacxHHM Hacxo bbi- 
noJiHJnoxcH h3 JierKoro npoHHoro rasoHenpoHHaaeMoro 3JieKxpoHonpoBOOTmero Maxepnajia; o6mhho Hcnojib- 
syioxcH imacxHHbi h3 rpa<|)Hxa, MexajuioB hjih KOMno3Hxa. 

EnnojiapHBie miacxHHBi Moryx o6ecneHHXb nojie xeneHHa rasa, xaKoe KaK KanajiH, BbinojiHeHHbie Mcxa- 
HHHecKHM nyxcM B roiacxHHe. Kanajiti necyx peaKimoHHtiit ras ox xohkh, b KoxopoH oh nociynaex b xoiuihb- 
HBiii 3JieMeHx, k xohkc, b Koxopofl ra3 Bbixo^x. lUaSjioH, mnpHna h rjiySnHa" hmcigx 6oji&moe BJiHSHHe na 3$- 
^^KXHBHocxb pacnpe;xejieHHH rasoB paBHOMepno no luiomaAH nonepxHocxH MeM5paH03JieKxpoOToro ysjia. IIo- 
Jie xeHCHHfl xaKHce bjihacx na noziany bo;ii>i k MeiviGpane h oxbo;^ boxsh ox xaxo^a. 

BimojiHpHMe iDiacxHHbi Moryx xaK»ce cjiy»cHXb xoKOCteMHHKaMH. 3jieKxpoHBi, nojiy^eHHbie npH okhcjic- 
hhh BOflopo^tbi, Moryx npoxoAHxi. nepes ano^, nepea samHXHbiH cjiofl h nepes iraacximy nepcA xeM, KaK ohh 
BbixoflHx H3 xoiuiHBHoro sjicMCHxa, npoxoflflx Hcpes BHeniHioK) ^e^I> h CHOBa nocxynaiox b xoimhbhbih sjicmchx 
Ha Kaxo^Hyio njiacxHHy. 

IIOJM XeHCHHH H XOKOCbCMKHKH HBJMIOXCH KOMMepHCCKH AOCXyHHblMH HJIH MOXyX 6l>IXb nOJiyHCHtl CHC- 

iXHajiHCxoM B AaHHoii o6jiacxH. XIoj^xoOTiime nojiH xeneHHa h xoKocbeMHHKH Moryx 6bixi. BbiSpaHbi cneuHajiH- 
cxoM B ^aHHOH o6jiacxH. 

YcxpoiScxBO H cnoco6i.i Hacxoamero H3o6pexeHHfl HcnojitsyioxcH b nojiyneHHH h npHMeneHHH xoiuihb- 
m>ix ajiCMenxoB. ^yrae npHMeneHHa Moryx BRjnonaxb ajieKxpo^^bi h 6HnojiHpHbie luiacxHHbi (hjih xokocbcm- 
Hbie nnacxHHbi) b anepronpeoGpasyiomHX ycxpoiicxBax (xaicHx KaK xoiuiHBHbie 3JieMeHXi»i, aKKyMyjiaxopti hhh 
KOHaeHcaxopbi), Koraa coBpeMeHHbie MOAH4>HimpoBaHH&ie yrjiepo^HMe npoflyKXM Hcnojib3yioxcH b KOMGnna- 
isjm c ApyrHMH MaxepnajiaMH. 

CnocoG. 

Cyjii»(})HpoBaHHBiH yrjiepoOTbiii Maxepnaji. 

MejiKOOTcnepcHbiH yrjiepoOTMH Maxepnaji onncan BBime no^podHO b pas^tejie "KoMnosHUHa". Cyjih^n- 
poBaHHbifi MCJiKojiHcnepcHBiii yrjiepo^iHbiil Maxepnaji onHcan Btime noApoGno b pas^ejie "Komhoshi^hh". 

MejiKOOTcnepcHbiH yrjiepo^iHLiH Maxepnaji cyjibtj^Hpyiox cnocoGoM, saKJUonaiomHMCH b cyjii>4)HpoBaHHH 
MCjiKOOTcnepcHoro yrnepoOToro Maxepnajia. Cm., HanpHMep, oAHOBpeMeHHo paccMaxpHBacMyio 3aaBKy ce- 
pHHHbiH 10/229933, noAaHHyio 28 asrycxa 2002 r., ^pHBO^^HMyK) b Kanecxse ccbijikh oxHOCHxenbHO onnca- 
HHa paccMoxpeHHBix xaM cyjib4)HpoBaHHbix yrjiepoAHbix KOMnosmmH h cnoco6oB hx noJiyneHHa. MejiKO^HC- 
nepcHbiH yrjiepoOTBiM Maxepnaji Mo»cex 6i.ixb cyjii><|)HpoBaH npn BsaHMOMeiScxBHH MCJiKOOTcnepcHoro yrjie- 
poOTorp Maxepnajia c opraHinecKHM cyjiB<|)HXHi>iM npoMe^xoHHbiM coe^HHeHHeM o6mefi 4>opMyjiH 



SO3H 



Cnoco6 MOHcex BKjiK)Haxb BsaHMO^eficxBHe aiinijspvim o5iii;eii ^opuyjihi 




R R 

c cepHOH KHCJioxoii B ycjiOBHHX, 34)4>eKXHBHi»ix AIM HOjiyHeHiw opraHHHccKoro cyjib^HXHoro npoMeacyxoHHoro 
coe^HHeHHH, Koxopoe 3axeM B3aHMo;;eilcxByex c MCJiKOOTcnepcHbiM yrjiepo^^HUM MaxepnajioM. 
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EcjiH McejiaxejibHO, cnoco6 nacToamero HsoSpexeHHa MOMcex 6biTb ocymecxBJieH npH ojiHOBpeMeHHOM 
BsaHMOfleiicxBHH MejiKOOTcnepcHoro yrjiepoOToro Maxepnajia c MOAH4>HUHpoBaHHOH nosepxHOCxbio c: (1) 

aHrHj^pimoM H (2) cepHOH khcjioxoh b ojikoPl peaKUHH b ycjioBUHX, 34)4>eKXHBHBix jiJUl nojiyneHUH opraHirae- 
cKoro cyjii>(J)HXHoro npoMe^yxoHHoro coeAHHemw b npncyxcxBHH MCJiKOAHcnepCHoro ymepOAHoro MaxepHa- 
Jta, 

ripHMepM cxcM cyjifc(|)HpoBaHHa H ;iHa30XHpoBaHHa noKaaaHbi nvDKe. 

CxeMa I 
Cyjib4>HpoBaHHe 
{R-C0)20 + H2SO4 ^ R-COO-SO3H + R<:00H 



-h R-COO-SOjH 




SO3H 



R-COOH 



R»*H.C|'Cj2an»w 




SO3H + NaNOj 



CxeMa n 
^nasoxiipoBaHHe 




SO3H 





SO3H 



-SO3H + Ho f 



KaK yKa3aH0 Btime, Hacxonmee H3o6pexeHHe oxHOCHXca k BBe^ieHmo cyjifccj^onaxHtix npomwjxm>ix, ko- 
xoptie xBJiaioxca rHApo(|)HJiBHBiMH (^yHKUHOHajiBHBiMH ipyimaMH, Ha noBepxHocxB pasjiinHbix MejiKo^Hcnepc- 
HBix yrjiepoAHbix MaxepHanoB. ^aHHoe H3o6pexeHHe npejoyiaraex cnoco6 nojiyneHHa yrjiepo^tHBix MaxepnajiOB 

C MOMH<|)HU;HpOBaHHOi^ nOBepXHOCXBEO. 

Cnoco6 MO»cex BKjnoHaxB BsaHMOAe^cxBHe anrH^qpHAa odmeii (|)opMyjifci 

Q>w ^Ox. 




R R 

c cepHOH KHCJIOXOH B ycjiOBHJDc, 3$(|)eKXHBHbix jiflSL nojiyHeHHH opraHHHecKoro cyjib(|)HXHor9 npoMe^yxoHHoro 
coeAHHeHHs oGmeii t^opMyjiu 

SO3H 




MnoacecxBO C-H noBepxHocxHbix ynacxKOB, npHcyxcxByioumx na yrjiepoAHOM Maxepnane c MOOT4>imH- 
poBaHHoil noBcpxHocxBK), Moryx aaxeM BsaHMOAe^cxBOBaxB c opraffinecKHM cyjm^HXHMM npoMesKyxoHHBiM 
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coe;iHHeHHeM, nojiyneHiBbiM BBime, b ycjiOBHHX, 34)$eKTHBHi>ix noJiyneHHa yrjiepoOToro Maxepnajia c mo- 
jm^mwpoBBHHO^ noBepxHOCTbK), HMeiomero mho^kcctbo cyjii>4>OHaTHi>ix saMecTHTejieii SO3H, noBepxHocxHO- 

CBHSaHHblX C HHM. 

R flBJi^exca ajiH4)aTHHecKHM, npeAnoHTHxejibHO, Bw6paHHi>iM H3 Ci-CiaajiKHJitHbix saMccxHxeneH. KpoMe 
xoro, AOJDKHo 6hiTb noHJixHO, Hxo yKasaHHDbie ajiKHJiBHbie aaMecxHxejiH Moryx 6mxi> HepasBexBJieHHbiMH hjih 
pa3BexBJieHHbiMH. no^pco^wmne npHMepw BKjnoHaiox Mexnn, 3xhji, nponnji, HsonponHJi, 6yxHJi, H3o6yxHJi, 
Tpex~6yxHJi h x.n. B npeOTOHXHxejitHOM sapHaHxe R npewxaBJwex co6oh MexHJitHBiH saMecxHxejiB, xaK hxo 
aHTHjxpH^loM, HcnojibsyeMbiM b cnoco6e, sbjihcxc^ yKcycHbiii aHTHflpHA- CneuHariHCx b j^aHHOH oGjiacxH saMe- 
xHx, Hxo xaKHe anra^ipHAbi, HanpHMcp yKcycHbiH aHFHApHM, HBJiaioxca xopomo H3BecxHi»iMH h KOMMepnecKH 
;i;ocTyiiHbiMH, H no3XOMy Hex Heo6xoflHMocxH hx oimcBiBaxB noflpo6HO. 

AHFHjipHjl cjiy^HX He xojiBKO B KaHecTBc peareHxa zyiH oSpasosaHHH cyjibc^HXHoro npoMe^cyxoHHoro co- 
eAHHeHHu, HO MO^ex xaK^e cjiy^Hxt b KanecxBe cpeA^i pacxBopHxejw, b Koxopoii HMeex Mecxo peaKUHst. Elo- 
3XOMy aHrH^xpH;^, npe^noHXHxentHO, npHcyxcxsyex b hsSbixkc oxHOCHxejibHO MaccoBoro KOJinqecxBa, KaK yr- 
jiepoAHoro Maxepnajia, xaK h khcjioxbi. CneimajiHcx b aaHHofl o6jiacxH saMexHx, hxo jno6oe H36MxoHHoe kojih- 
HecxBO 6y;^ex nowoOTmnM ^jm npose^^eHHSt »cejiaeMofi peaicmm, ojojelbko, b npeOTOHXHxejibHOM sapHanxe Mac- 
coBoe oxHomeHHe aHrHApH;i;a k yrjiepo^oMy MaxepHajiy cocxaBJiHex 6ojiee npHMepno 2:1. AHaJiorHHHO, Mac- 
coBoe oxHomeHHe anrHflpHAa k khcjioxc cocxaBJi^ex, npeOTOHXHxejitHO, 6ojiee npHMcpHO 5:1. 

KaK yKasaHO Bwme, npeflnoHXHxejibHoii khcjioxoh jijir HcnojibsoBaHHH b HacxoauieM H3o6pexeHHH hbjih- 
excH cepHaa KHCJioxa, cnocoSnafl ssaHMO^eilcxBOBaxb c nojs^iomiujsM aHXH^ipHAOM c o6pa30BaHHeM opramiHe- 
cKoro cyjiB$HXHoro npoMe»cyxoHHoro coejinneHiM. CepnaH KHCJioxa, HMeiomaH mnpoKHH HHxepBaji kohuch- 
xpauHH, MO^ex Hcnojii>30Baxbca b cnoco6e. CneunajiHcx b ^^anHOH oGjiacxH 3aMexHx, hxo ^cejiaeMaa Komcpex- 
Haa KOHaeHxpaanH, b kohchhom cnexe, 6y^(ex saBHcext ox KomcpexHoro anrHKpHAa h/hjih Hcnojii»3yeMoro yr- 
jiepoaHoro Maxepnajia. B npeAnoHXHxejibHOM BapnaHxe cepHofl khcjioxoii HBJinexcH KOMMepnecKH ztocxynnaa 
cepnas KHCjioxa, HMeioman KOHueHxpamno b HHxepBajie ox npHMepno 90 npHMepno 99%, nanpHMep okojio 
91, 92, 93, 94, 95, 96 huh 97%. B 6ojTee npeOTOHXHxejibnoM Bapnanxe KonueHxpaima cepnoH khcjioxbi Haxo- 
AHXca B HHxepBajie ox npH6jiH3Hxejii>HO 93 p,o npHMepno 97%, nanpHMep okojio 94, 94,5, 95, 95,5, 96 hjih 
96,5%. B HaH6oJiee npeOTOMXHxejiBHOM Bapnanxe cepnoH khcjioxoh aBjMexcfl npHMepno 95% xonuenxpHpo- 
Banna^ cepnaa KHCJioxa. 

BapbHpyiomeeca KOJiHqecxBO khcjioxm no oxnomeHmo k anrH^tjpHfly h/hjih yrjiepoanoMy Maxepnajiy mo- 
5Kex HcnojibsoBaxbCfl b cnoco6e nacxonmero HSoGpexennfl. B npeOTOHXHxejibHOM Bapnanxe MaccoBoe oxnome- 
HHe KHCJioxBi K anrHApH^y cocxaBJMex, npe;xnoHXHxejn>Ho, ne 6ojiee npHMepno 1:5. Anajiornnno MaccoBoe 
oxnoinenne khcjioxbi k yrJiepoj^noMy Maxepnajiy naxoflnxcH, npeOTOHxnxejibno, b nnxepsajie ox npHMepno 1 :2 
AO npHMepno 1:3, BKjnoHaji xaKne cooxnoinenHfl, KaK npHMepno 1:2,5. 

KaK yKasano Bbime, cnoco6 nacxonmero HSoSpexennfl Moacex ncnojiBsoBaxtcji c psijioM jnrjiepoAHMx Ma- 
xepnajiOB. JI1060H yrjiepo^nbifi Maxepnaji Momex Hcnojibsosaxbca npn ycjioBHH, hxo HMeexca flocxaxonno C-H 
KonneBbix ynacxKOB, cnoco6ni>ix BsanMO^ieHcxBOBaxb c oprannnecKHM cyjii»(t>HXHbiM npoMe^yxonnbiM coe^H- 
nenneM b ycjioBHHX, 3(j)4)eKXHBni>ix /uia coaAanna acejiaeMoro ymepoAnoro Maxepnajia c Moj5H4)HUHpoBannoH 
noBepxnocxbio. 

OxAejibHbie npHMepu hoaxoamuhx yrjiepo^Hbix MaxepnajioB onHcanti Bbime. 

EcjiH ^cejiaxejibHO, yrjiepoAHtiii Maxepnaji c MOAH(})Hi;HpoBaHnoii noBepxnocxbio, co^ep^amnfl Mno^cecx- 
b6 noBepxnocxno-cBH3aHHBix cyjiB^onaxnbix 3aMecxHxeneH, nanpHMep, ocxaxKOB -SO3M hjih -SO3H, r^e M 
onpe^ejien Bbiuie, Mo^ex 6i>ixi> npoMbix AHCxnjuiHpoBannoH boaoh, ox(|)Hjn>xpoBan h/hjih Bbicymen ajm xoro, 
Hxo6bi nojiyHHXb, no cymecxsy, onnmennbiii h/hjih BbiAejiennbiiS npoayKx c MOAH^nuHpoBannoii nonepxHo- 

CXbK). 

B ajibxepnaxHBHOM Bapnanxe oprannHecKoe cyjib4)Hxnoe npoMemyxoHnoe coeAnnenne, Koxopoe BsanMO- 
jieHcxByex c yrjiepo^nbiM MaxepnajioM, mohccx 5bixb oGpasoBano na Mecxe, cnoco6, KaK onncano Bbime, MOMcex 
6bixb ocymecxBJien b eAHncxBennoH peaKunn, CooxBexcxBenno, ecjiH 5Kejiaxejibno, cnoco6 nacxonmero h30- 
6pexeHHfl Mo»cex 6bixb ocymecxBjien OAnospeMennbiM BsaHMO^eiicxBHeM yrjiepoAHoro Maxepnana c moah4>h- 
UHpoBannoH noBepxnocxbio c: (1) anxHApHflOM, KaK oppe^ejieno Bbxme; n (2) cepnoH khcjioxoA, KaK onpe^ejie- 
ho Bbime, B eAHHCXBennoii peaKunn b ycjiOBnax, 34)4)eKXHBHbix jvm co3flanHH opranHHecKoro cyjib4)HXHoro 
npoMe^cyxoHHoro coe^HHenHH o6meif 4)opMyjibi 




in situ, H, no cymecxsy, c co3AaHHeM yrjiepoAHoro Maxepnana c MO^[H4)HaHpoBaHnoH noBepxnocxbK), co^ep- 
5Kamero mhohcccxbo cyjib4)OHaxHbix 3aMecxHxejieH, nanpHMep, ocxaxKOB -SO3H, noBepxnocxno-CBa3annbix c 

HHM. 

CneimajiHcx b Aannofi o6jiacxH 3aMexHx, nxo onxHMajibnbie peaKixHonnbie ycjiOBna oth o6pa30BaHHH na 
Mecxe opranHHecKoro cyjib4)Hxa h nocjie^yiomeH peaKunn c yrjiepo^nbiM MaxepnajioM 6yAyx, Konenno, onenb 
3aBHcexb ox KOHKpexnoro anrHApH^a, KpenocxH cepnon KHcjioxbi h/hjih Bbx6pannoro KonKpexnoro yrjiepo^no- 
ro Maxepnajia c MOAH4>Hi;HpoBannoH noBepxnocxbio. OnpeMejienHe xaKHx onxHMajibHbix ycjioBHH Sy^ex jiexKO 
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c^ejiaHO cneaHajiHCTOM b AaHHoii o6jiacTH hjih b npoxHBHOM cjiynae MO^ex 6i>iti> nojiyHeHO He 6ojiee, hcm py- 

THHHblM 3KCIiepHMeHTHpOBaHHeM. 

B npe;inoHTHTejibHOM BapHanxe, b KOXopoM annmpimoM HBJiJiexcfl yKcycHbiH aHmjipiiji, h ymepo^tHBiM 
MaxepHanoM aBJiaexcn yrjiepo;iHaH ca^ca, npeOTOHXHxejitHbie peaKimoHHbie ycjioBiM co;iep5Kax HarpcBaHHC 
peareHXOB npH xeMnepaxype b HHxepBaue ox npHMepno 60 ^,o npHMepHo 80*^C b xeneHHC He Menee 2 h. B eme 
6ojiee npeAnoHXHxejiBHOM BapHanxe peaKUHOHHbie KOMnoneHXbi narpeBaiox npH xeMnepaxype npHMepHo 70°C 
B xeneHHe He Menee npHMepHO 2 h, PeaKUHa Moacex 6i>ixb npoBe^ena npH oKpyjKaiomeM AaBJieHHH h mhhh- 
ManbHOH xeMnepaxype, copasMepnon c npneMjieMOH cKopocxbio peaKann, n MaKCHMajibHOH xeMnepaxype, ko- 
r^a nojiynaioxca He»cejiaxejii>HBie ypoBHH He»cejiaxejibm»ix no6oHHi»ix npo;iyKxoB. 

KpoMe xoro, cnoco6, co^epHcantHH: o6pa30BaHHe na Mecxe opraHHHecKoro cyjiB4>HXHoro npoMejKyxoHHO- 
ro coeAHHeHH» n nocjie^yiomee B3aHMo;^eiicxBHe c yrjiepoAHbiM MaxepnantOM c coaaanneM yrjiepoAHoro Maxe- 
pnajTa c MOOT4>Hu;HpoBaHHoii noBepxnocxfcio, Moacex /^onojinnxejibHO co^iep^axt npoMbiBKy /tHcxmuinpoBan- 
HOH Bo;xoH, ^HJitxpoBanne h/hjih cyniKy ^ejiacMoro yrjiepoAHoro Maxepnana c Mo;xH(J)HaHpoBaHHofi noBepx- 
HocxfcK) mK xoro, Hxo5i>i nojiynnxi*, no cymecxBy, onnnxenHBiH h/hjih BbiflejieHHbiil npo;?yKx. 

CnocoGti, npHBeTOHHMe Bbime, npenMymecxBeHHO msoT acejiaeMbie yrjiepoAHtie MaxepnajiEi c moot4>k- 
unpoBaHHOHi nosepxHOCXBio c oxHOCHxejibHo bbicokhmh stixo^^aMU npn, no cymecxsy, MHHHMHsaqnn nojiy^e- 
HHH neacejiaxenbHbix OKHCJiHxejitHtix h cMOJioo6pa3Hi>ix noGo^Hbix npo^tyKxoB, o6i,ihho BcipenaiomHxca b 
xexHHKe, xaKHx KaK paccMoxpeHHbie b naxenxe CIIIA 3442679 (Rivin et al.). 

ripoBOAHnxnii nojiHMep. 

npoBOOTmnfi nojiHMep Mo^cex Gbixb HaneceH na cyjib^HpoBaHHbiH yrjiepojocHBift Maxepnaji, cMenian c 
cyjiB4)HpoBaHHBiM yxjiepo^HbiM MaxepnajiOM hjih npHBHX na yrjiepoAHbiH MaxepHan. 

npoBOAHmng nojiHMep, coAep:»camHH MOHOMep h jiio6i»ie rexepoaxoMbi, onHcan Bbime no^o6Ho b pa3/^e- 
Jie "KoMnosHUHH". 

npoBOAantHii noJiHMep mo^kcx 6bixb HaHecen na cyjib(|)HpoBaHHbiH yrjiepoAHbiH Maxepnau pasjiH^iHbiMH 
cnoco6aMH, HssecxHbiMH cneunajiHcxy b ^aHHoii o6jiacxH. 

npoBOflflUXHH nojiHMep Mo^ex 6bixb cMeman c cyjib4)HpoBaHHbiM yrjiepo^HbiM MaxepnajioM paanH^HbiMH 
cnoco6aMH, H3BecxHbiMH cneu;HajiHcxy b AaHHoft o6jiacxH. 

ripoBo^i^iUHH nojiHMep MO>Kex 6bixb npHBHx Ha yrjiepoiXHbiH Maxepnaji OKHCJiHxejibnofi nojiHMepnaauHefi 
cooxBexcxsyiontero MOHOMepa npoBOAaniero nojiHMepa b npHcyxcxBHH cyjib^JnpoBaHHoro yrjiepoOTtoro Maxe- 
pnajia. Cm., nanpHMep, o^xnoBpeMCHHO paccMaxpHBaeMbie sa^BKH, osarjiaBJieHHbie "Yrjiepo^tHbifi Maxepnaji c 
npHBHXbiM npoBOjaiarnHM nojiHMepoM ^im npHMeHennfl b xoniiHBHbix sjieMenxax" h "Cyjib4>HpoBaHHbiH yrjie- 
poAHbiH Maxepnan c npHBHXbiM npoBOAHmHM nojiHMepoM AJia npHMenenHH b xonjiHBHWx sjieMenxax", no^tan- 
Hbie 23 Maa 2003 r. 

BBe^enne MexajiJia/Mexa)XJiH3ai;Ha. 

Mexajui Mo^Kex 6bixb BBezten b cyjib(^HpoBaHHbiii yrjiepoj^HbilS Maxepnan hjih b komhoshixhio, co^ep»ca- 
myio cyjib({)HpoBaHHbifi yrjiepoz^HtiH Maxepnan, nocjie ero nojiyneHHa, Mexajui Mo^ex 6bixb BBCAen MexaiuiH- 
saixHeH. HanpHMep, ecjiH MexajuiOM aBjiaexca ruiaxHHa, o^nn cnoco6 luiaxHHHpoBaHHa onncan HH>Ke. 

AjibxepHaxHBHo, MexajiJi Mo»cex 5bixb Bse^eH b yrjiepoAHMfi Maxepnan ffp cyjib^HpoBannfl mcjikootc- 
nepcHoro yrjiepoflHoro Maxepnana. 

CneixHajiHcx b ^^aHHOH o6jiacxH cnocoSen onpejiejinxb Bbi5op cnoco6a MexanuiHsauHH jgia KomcpexHoro 
npHMCHeHHH. PaajiHHHbie MexajuiHSHpyiomHe arenxbi nsBecxHbi b j^annoH o6jiacxH. VKaaanHbie MexajiJiHsn- 
pyiomne arenxbi jierKO KOMMepnecKn Aocxynnbi h JierKO cnnxesHpyioxcJi cnoco6aMH, H3BecxHbiMH cneimaJin- 
cxy B ;^aHHOH o6jiacxH. 

KojiHqecxBo MexajinnsHpyiomero arenxa jierKO onpeAejinexcfl cneananHcxoM b aannoH o6jiacxH jsm »ce- 
jiaeMoro npHMeneHHa. 
njiaxHHHpoBaHne . 

ELfiaxHHHpyiomHH arenx Mo^ex 6bixb HcnojibsoBan ;i;jdi BBe^eHnfl luiaxHHbi b cyjib^npoBannbiH yrjiepoA- 
HbiH MaxepHan (hjih Hecyjib4)HpoBaHHMM yrjiepoAHbi^l Maxepnan nnn npoBOAHmnig nojiHMep - cyjib4>HpoBaH- 
Hbin yrjiepo/iHbiH Maxepnan). Pasjinqnbie iuiaxnHnp3TOmne arenxM nsBecxHbi b ^annoii o6jiacxn. VKasannbie 
luiaxnnnpyiomHe arenxbi flBJwnoxcH jiexKo KOMMepnecKH AOcxynnbiMn hjih JiexKO cnnxeanpyioxcH cnoco5aMn, 
HSBecxHbiMH cneunanncxy b tohhoh o5jiacxH. 

Bbi6op no^txoAamero ruiaxnnHpyiomero arenxa JierKo onpeaejiaexcH cneunajincxoM b Aannon o6jiacxH 
OTa acejiaeMoro npHMenenHH. OSbihho, Moacex ncnojibsoBaxBCH see, cojotepxcaiuee HcejiaeMbift Mexann, nanpn- 
Mep, jno6aH cojib hjih oprann^iecKoe coejotHnenne, co^epsKamtee Mexann. 

IIpHMepbi iinaxHHHpyiomHx arenxoB, Koxopbie Moryx ncnojiBsoBaxbCfl, BKinoHaiox luiaxnnoBBie cojm: 
njiaxHHOxjiopncxo-BowpoAHyio KHCJioiy, HHxpax luiaxHHBi, ranorenH^ibi nnaranBi, unanim luiaxHHBi, cyjiB^n^ 
njiaxHHBi, njiaxHHOoprannHecKne cojih Hnn hx KOMSnnaanK). 

KojiHHecxBo iinaxHHHpyiomero arenxa JiexKo oiipe;iejiHexc« cneunanncxoM b flannofi o6jiacxn oth »ce- 
JiacMoro npHMeneHHa. 

BoccxanoBHxejiB. 

BoccxaHOBHxejib MO^ex Gbixb HcnojiBSOBan jxjm BoccxaHOBjienna Mexajuia ao MexajuinqecKOH (^opMbi. 
PasjiHHHBie BoccxanoBHxejiH nsBecxHBi b AannoH o6jiacxH. YKasannBie BOCcxaaoBHxejin aBjiaioxca JiexKO kom- 
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MepnecKH ^xocxynHBiMH hjih JierKO cHHTeanpyioTca cnoco6aMH, HSBecxHbiMH cneimajiHcxy b ^aHHofi oSjiacra. 

KojiHHecTBO BOCcraHOBHTejiH OTfl coBpeMeHHoro cnoco6a Haxo;tHTCH Bceraa b hsShtkc k cxexHOMexpH- 
HecKOMy. 

Bbi6op no;txoj5Hmero njiaxHHHpyiomero arenxa jicfko onpe^eJiaexcH cneunajiHcxoM b ^caHHoii o6iiacxH 
mm xcejiaeMoro npHMCHeHHa. 

IlpHMepBi BoccxaHOBHxejieii, KoxopBie Moryx HcnojiBsosaxBca, BicnoHaEox 4)opMaJib;terH^, MypaBbHHyio 
KHCJioxy, 6oprHApHj5 HaxpHS, BOAopoA, raapasHH, rH^ipoKciuiaMMH hjih KOM6HHauHK> BoccxanoBHxejiefl. 

ripHMepH. 

Cjie^iyiomHe npHMepbi npHBeAem>i c xeM, hxo6bi o6ecneHHXi> cneuHajiHcxoB b ;iaHHOH o6jiacxH nojiHtiM 
pacKpBixHeM H OHHcaHHeM, KaK coeAHHeHHS, KOMno3Hi|HH, HsjDtejmat, ycxpoHCXBa h/hjih cnoco6w, saaBJienHBie b 
flaHHOM oifflGaHHH, HOJiyHaiox H oixeHHBaiox, H OHH npeAHasHaneHBi xojibko jxnn nnjnocxpaimH H3o6pexeHHa h 
He npeOTaanaHeHbi orpaHmrHBaxB o6i»eM xoro, hto aBxopti paccMaxpHBaiox KaK CBoe H3o6pexeHHe. Ebijih c^(e- 
jiaHbi ycHJiHH b o6ecneHeHHH[ xohhocxh b oxnonienHH ^hccji (nanpHMep, KOJiH^ecxBa, xeMnepaxypa h t.ji,), ho 

HCKOXOptie OIUHGkH H OXKJIOHeHHH mOJlMHhl 6bIXb oC-BaCHKMBI. EcJIH HC yKasaHO HHOe, HaCXH HBJiaiOXCH HaCXH- 

MH no Macce, xeMnepaxypa yxasaHa b °C mm aBJiaexca xeMnepaxypoH oKpy^aiomtei! cpe^Bi, ^asjieHHe naxo- 
AHxca npH hjih okojio axMoc^epHoro. 
IIpHMep 1. 

IlpHMoe eyjii>4>MpoBaHHe yrjiepoAHOH ca^H. 

flaHHbiH npHMep HnjnocxpHpyex npaMoe cyjiB4>KpoBaHHe yrjiepo^iHOH ca»cH c HcnojiB30BaHHeM KOHi^eH- 
xpHposaHHoii cepnoit khcjioxbi c ajiH4)axHHecKHM anrH^ipimoM. 

Cepnas KHCJioxa BsaHMo^eHcxByex c auTH^ipH^tOM c oSpasoBamieM opraHH^ecKoro cyjit^Hxa, npOMCXcy- 
xoHHoro coeflHHeHHH, H noaxoMy cyjih^wpyeT noBcpxHocxB yrjiepoaHOH ca»cH, KaK noKasano Ha cxene I. 

MexoAHKa saKjiioHaexca b cjie^tyiomeM. 

20 r HoponiKa yrjiepowoii caacH CDX-975 (NSA imomaAB noBepxHOCXH 240 mVx h a6cop6iflHUi Macjia 
170 MJi/lOO r) (Columbian Chemical Company, Axjianxa, flp«opA»cHa) sarpyacaiox b KOJi6y, coAep^camyio CMecb 
10 MJi KOHi^eHxpHpoBaHHoa cepHofi KHCjioxM (95,7%) H 200 MJi yKcycHoro aHTHApHAa (Aldrich), npn nepeMe- 

mHBaHHH. 



"THnHHHBie" CBoKcxBa yrJiepofflHoii caacH CDX-975 



Cbomctbo 


SHaueHPie 


CpejiHMH pasMep yacTWU (hm) 
ASTM D3849 


21 


NSA njiomajab noBepxHOCTM (M^/r) 
ASXM D4820 


242 


SXSA njiomaj^b nosepxHocTw (M^/r) 
ASTM D5816 


130 


DBPA aOcppOuMH Macjia (cm^/IOO r) 

inapwKM 

ASTM D2414 


169 


DBPA a5cop6uMH Macjia (cmVIOO r) 

nopomoK 
ASTM D2414 




JleTyvtwe, % 


1/0 


MHfleKC MepHOTbl 


112 


npOHHOCTb OKpaiUMBaKMA 

ASTM D3265 


87 



PeaKUHOHHyio cmccb narpeBaiox npn xeMnepaxype npHMepHo 70°C b xeneHHe 4 h, Cmccb oxjia^^aiox h 

4>HJII>XpyK)X npn npOMBIBaHHH ^eHOHH3HpOBaHHOH (DI) bo^oh. 

YrjiepoOTbiH ocxaxoK na (|)HnbTpe cymax npn 110°C b xenenne 4 m h HSMejitnaiox. IIojiyqeHHBiH yrjie- 
poflHBiii nopofflOK coAep»cHx cyjiB<|)OKHCJipxHbie rpymiBi -SO3H, npncoeAHHenHBie k noBepxHocxH yrjiepoflHoil 

Ca3KH. 

IIpHMep 2. 

SaMemeHHe cyjii><|>OHOBi>ix rpynn na yrjiepoAHo^ ca^e. 

flaHHBiii npHMep HJiJUOCxpHpyex saMemenne rpynn 6eH30Jicyjib4>oKHCJioxi>i na yrjiepoAHofi[ ca»ce npn hc- 
noJibsoBaHHH cyjib4)aHHJiOBOii khcjiotbi h HHxpnxa naxpHH b npHcyxcxBHH MHHepajiBHoit khcjioxbi. 
PeaKUHH ztHa3oxHpoBaHHH noKasana na cxeMe II. 
MexoAHKa saKJiioHaexc^ b cjie^xyiomeM: 

10 r napacyjib^aHHJiOBoii khcjioxbi (Aldrich) pacxBopaiox b 200 mji roparaeH bo^h (npHMcpno 80°C). 

20 r nopomKa yrjiepoOToii ca»cH CDX-975 (NSA luioma^b noBepxHOCXH 240 mVx h a6cop6uHfl Macjia 
170 mji/ 100 r) (Columbian Chemical Company, Axjianxa, flacopOTcna) jQ^o6aBJiHK>x k BbimeyKasaHHOMy pacxBo- 
py npH nocxojiHHOM nepeMemHBaHHH c nocjie^yioiUHM AoGasjieHHeM 5 mji KOHuenxpHpoBaHHoii a30XHoM kh- 
cjioxbi. 

PacxBop, coAep»camHfi 5 r NaN02 b 25 mji AeHOHH3iq50BaHHofi bo^bi, flo6aBJiflK>x k cycnensHH yrjiepo;^- 



- 18- 



009587 



HOH caHCH. CycneHsmo yrnepojiHoik casKH nepeMemmaioT npH nojomepHcaHHH xeMnepaTypbi npHMepno 70°C jio 
npeKpameHHfl Bw^ejieHHa iiyabipbKOB h oxjia^KAaiOT KOMnaxHoii TeMnepaiypbi. 

CycncHsmo yrjiepo;xHOH ca^H (J)HJiBTpyK)T, npoMBiBaioT ^^enoHHSHpoBaHHOH boaoh, cymax npH 110*^C b 
xencHHe 4 h h H3Mejii>HaK)x. IlojiyHeHHBiH yrjiepoAHbifi nopomoK coMep^Hx rpynrnbi 6eH30JicyjiH>4)aHHJiOBoM 
KHCJioxbi (-C6H5-SO3H), npHCoeOTtHeHHMe k nosepxHOcxH yrjiepo^Hofi ca>KH. 

IIpHMep 3. 

IIjiaxHHHpoBaHHe cyjib4>HpoBaHHoii ymepoOTofi ca»cH. 

JXaniuApL npHMep HJunocxpupyex luiaxHHHpoBaHHe cyjii>4>HpoBaHHofi yrjiepoAHofi ca3KH c HcnojibsoBaHH- 

eM lUiaXHHOXJIOpHCXO-BOAOpOAHOH KHCJIOXM H ^OpuaJlhRCrVLJl^' 

4 r cyjibc^HpoBaHHoii yrjiepoOTofi ca»cH (nojiyneHHOH b npHMepe 1) OTcneprnpyiox b 300 mji jichohhsh- 

pOBaHHOM BOAM. 

200 MJI 1% pacxBopa luiaxHHOXJiopHCxo-BojlopoOTofi KHCJioxbmo6aBJiHK>x no KaiuiaM b xe^eHHe nepHo^ta 
BpeMCHH 1 H npH HenpepMBHOM nepeMeniHBaHHH. pH cycneasHH AOBoaax to 8-1 1, HcnoJibsya IM pacxBop 6h- 
Kap6oHaxa naxpHH. 

200 MJI 3% pacxBopa 4>opMajibAerHAa j^oGaBJiaiox b xencHHe nepHo^a BpeMCHH V h h xeMnepaxypy no^- 
/lepMCHBaiox npH 70°C b xencHHe 1 h. 

CycneH3Hio oxjiaxc^caiox ro KOMHaxHofi xeMnepaxypti h (J^HJiBxpyiox npH npoMbiBan™ ^ceHOHH3HpoBaH- 
HoM Bo^toH. yraepo^xHBiH ocxaxoK Ha (})HJiBxpe cymax npH 1 1 0°C b xencHHe 4 h h HSMejibnaiox. riojxyHeHHbiH 
KaxajiHsaxop co^epMCHx «20% luiaxHHbi c cyjii,4)orpynnaMH -SO3H, npHCoeOTHeHHtiMH k noBepxHOCXH yrjie- 
poAHoii casKH. 

IIpHMep 4. 

IIpflMoe cyjii>(t)HpoBaHne KaxajiHsaxopa. 

J^aHHbiH npHMep njuiiocxpnpyex npaMoe cyjib(J)HpoBaHHe KaxaJiHsaxopa c HcnojibsosaHHeM KOHuempH- 

pOBaHHOH CepHOH KHCJIOXbl C aJIHC^aXUHCCKHM aarHflpHTOM. 

5 r noponiKa KaxanHsaxopa (20% luiaxHHW na HOCHxejie-yrjieppAHoii ca^e c imomaabio nosepxHocxH 
240 M^/r H a6cop5aHeft Macjia 170 mji/100 r) sarpy^Kaiox b KOJi6y, coAepSKamyio 50 mji yKcycHoro aHrimpHAa 
npH HenpepbiBHOM nepeMeraHBaHHH. 

5 MJI KOHaeHxpHpoBaHHOH cepHOH KHCJIOXBI (95,7%) /io6aBjmox k cycncHSHH. 

PeaKixHOHHyio cMecb narpeBaiox iq>H xeMnepaxype npHMepno 70*^C, oxjia^cAaiox h <|)HJibxpyK>x npn npo- 
MbiBaHHH AenoHioHpoBaHHofi BO^H. OciaxoK Ha 4>HJibipe cymax iipH 1 10°C b xeneHHe 4 h h HSMCJibnaiox. 

IIojiyHeHHbiH nopoinoK KaxajiHsaxopa HMeex rpymibi cyjib4)aHiinoBoii khcjioxm -SO3H, npHcoeAHHemibie 
K nosepxHOCXH yrjiepo^HOH ca»cH, 

IlpHMCp 5. 

3aMemeHHe rpynn 6eH30Jicyjib(|)OKHCJioxbi na KaxajiHsaxope. 

flaHHbiM npHMep onncMBaex saMemenne rpynn 6eH30Jicyjib4>OKHCJioxbi na Kaxajinsaxope npn Hcnonbso- 

BaHHH CyJIb4)aHHJIOBOtt KHCJIOXbl H HHXpHXa HaxpHfl B IipHCyXCXBHH CepHOH KHCJIOXbl. 

1 r napacyjib(|)aHHJiOBOH khcjioxw pacxsopniox b 50 mh ropmefi bo^bi (-70*^C). 5 r noponiKa KaxajiHsaxo- 
pa (20% luiaxHHBi na HOCHxejie-yrjiepoOTaa caaca c iuioma;aiBio nosepxHocxH 240 M^/r h aScopSuHCH Macjia 
170 MJi/lOO r) Ao6aBJiHiox k BBimeyKasaHHOMy pacxBopy npH hocxohhhom nepeMeuiHBaHHH c nocjie^^yioii^HM 

TO^aBJieHHeM 1 mji KOHUeHXpHpOBaHHOfi CepHOfi KHCJIOXbl. 

PacxBop, coAep^amnfi 0,7 rNaN02 b 15 mji AeHOHH3HpoBaHHOH boabi, TO6aBJiaiox k cycneH3HH. CycncH- 
3HIO nepeMeniHBaiox, noAAepacHBaa xeMnepaxypy npHMepHo 70°C jio npcKpameHHs BBiAejieima iiy3BipBKOB, h 
oxjia^K/iaiox m KOMHaxHOH xeMnepaxypBi. 

CycneHsmo yrjiepojiHOH ca»cH 4>HJitTpyK)x, npoMBiBaiox AeHOHHSHpoBaHHofi Bo^oj^, cymax npn UO^C b 
xenenne 4 h h HSMejib^aiox. IIojiyHeHHbiil 3TJTepoOTbrfi: nopomoK co^epacHx rpynobi 6eH30Jicyjib(|>aHHnoBOH 
KHCJIOXBI (CB-C6H5-SO3H), npHcoe^iHHeHHbie K noBepxHocxH yrjiepoAHoft ca^H. 

ITpHMCp 6. 

CpaBHHXeJIBHBie HSMepeHHH 3JieKXpOHHOfi: npOBOAHMOCXH, 

3jieKxpoHHyK) npoBoj^HMOcxb H3MepHK)x Ha npeccoBaHHbix xa6jiexKax Maxepnana yrjiepoAHoia ca3KH c 
Hcnojib30BaHHeM Hexbipex30HiioBoro pesHCXHBHMexpa (Loresta AP Resistivity, MCP400, Mitsubishi Petro- 
chemical Company, Tokho, ^hokhh). Hcnojibsyiox ASTM D257. 

TaGjiexKH Maxepnajia yrjiepo;tHOH caacH BKjnoHaiox Hecyjib<^HpoBaHHyio yrjiepoAHyio ca^cy CDX-975 h 
cyjiB(|)HpoBaHHyK) yrjiepo^^nyio caacy CDX-975 H3 npHMepa 4 Bbime. Ka^cz^yio yrjiepoAHyio ca»cy coeAHHsoiH c 
Nafion jxjifi xoro, ^xo6bi c^opMOBaxb xaGjiexKH. 

HsMepeHHa npoxoHHoil npoBO^HMocxH 6buiH c^ejianbi na ochobc mcxoahkh, pa3pa5oxaHHOH by Saab et 
al. (Saab et al., J. ElectroChem. Soc. 150, A214 (2003) h Saab et al., J. ElectroChem. Soc. 149, A1514 (2002)). 
ToHKHe nnemcH Ka^c^oro Maxepnajia HaHOCHUH Ha nojiHKapSoHaxHyio no^oacKy. ToHKyio imeHKy Nafion (3K- 
BHBajieHXHbifi[ Bee 1100) saxeM npHKpennajm k noOToaace cmcmcho c MaxepnajioM, KOHxaKxnpyH c KpaeM Maxe- 
pnajia. HsMepeHHH HMne^aHca npoBOAJUiH c HcnojibsoBanneM iipH6opa Solartron 1255B Frequency Response 
Analyser, coe^^HHennoro c Solartron 1287 Electrochemical Interface. 06pa3Ubi cMemnsajiH c Nafion jxjm xoro, 
hxo6bi nojiyHHXB sHanenHH npoBO^HMocxH, x.k. yniepoAHBie nacxHi^M b ox^(ejibHOCXH He oSecne^JKBajiH Aocxa- 
xoHHyio npoxoHHyio npoBO^HMocxb aim mcxoahkh H3MepeHH3I. 
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B cjiej^yiomeH Ta6ji. 1 noKasaHa cpaBHHxejiBHaa sjieKxpoHHaH h npoTOHHaa npoBO^tHMOcxB MaxepHajiOB, 
nepeHHCJieHBoux Bbiuie. 



Ta6jnma 1 



SjieKxpoHHag H npoTOHHag npoBo;tHMOCTi> 





OnMcaHMe o6pa3Ua 


3jieKTpOHHaH 
npOBOflMMOCTb 

Cm/ CM 


npoTOHHan 

npOBOWMOCTl* 

Cm/cm 


1 


CDX~975 


*2, 9x10"^ 




2 


CDX-975-SO3H 


*lr7 


*1, 6x10"^ 



* 10 Mac.%. Nafion BBe^eHO b KanecxBe cBflsyiouxero 

Bo BceM oiiHcaHHH ;iaHHoro H3o6peTeHiM npHBe;ieHM pasjimHtie nyGjiUKauHH. Co;^ep»caHHe yKaaanHbix 
nyGjiHKamifl bo Bceft hx nojiHoxe npHBe^^eno b KanecxBe ccmjikh b othhom H3o6pexeHHH jyiH xoro, hxoGbi 60- 
jiee nojiHO onHcaxb cocxoHHHe ^aHHOH o6jiacxH, k Koxopoii oxHOCHXca iiaHHoe H3o6pexeHHe. 

JJjm cneuHajiHCXOB b AaHHOH o6jiacxH 6y;i;ex OHeBHj^HO, hxg paajimHbie Mojxu^mia^ipdn h BapwauHH Moryx 
6bixi, c^tejiaHbi b HacxoamcM H3o6pexeHHn Ges oxcxyiuiCHHa ox o6i.eMa n cyxH H3o6pexeHHH. fl^pyrae BapHanxw 
ztaHHoro H3o6pexeHHfl 6y;^ OHCBHWHtiMH jm^ cneimaJiHCxoB b AaHHoii o6jiacxH h3 paccMOxpcHHH onHcaHBW h 
ocymecxBJieHHH H3o6pexeHiM, pacKptixoro b jxannou onHcaHHH. 3xo osHanaex, hxo onHcaHHe h npHMepM hb- 
juaoTcsi xojibKO HJijnocxpaxHBHbiMH, npHHCM HcxHHHfciH oG-bQU H cyxb H3o6pexeHHfl yKaaaHM B cjie^yiomeja 
(j^opMyjie H3o6pexeHiM. 

OOPMYJIA H30EPETEHH)I 

1. npeoSpasyiomee SHeprmo ycipofifcxso, BKjnoHaiomee 3JieKxpojiHX, 3JieKxpo;xi>i h/hjih Grnioimpuyw 
nnacxHHy, rjie sjieKxpoA h/hjih 6HnojiflpHafl iraacxHHa sbinojiHeHbi h3 Maxepnajia, co^i^ep^Kamero mcjikootc- 
nepcHBiit cyjii>4)HpoBaHHBiH yrjiepoOTbiif Maxepnaji. 

2. YcxpoHcxBO no n. 1, r^e ymepoRUhm MaxepHaji co^ep^KHx yrJiepoAHyio ca^. 

3. YcxpoHCXBO no n.l, XMe yrjiepoMHtiii Maxepnaji coMepacnx rpa^nr, HanoyrjiepoA, (l)yJiJiepeH, 4)yjiJiepe- 
HOBtiH MaxepHaji, MejiKOflHcnepcHMH yrjiepo^c hjih hx cMecb. 

4. YcxpoiicxBo no n.l, rjie cyjiB^HpoBaHHMit yrjiepoOTBifi Maxepnan co^epsKHx mhoskccxbo cyjib4>oHax- 
Hbix saMecxHxejieii o6meH ^opMyjiLi -SO3M, nosepxHOCXHo cBHsanHBix c hhm, rjie M npej^cxasMex co6oit bo- 
;iopo;^ HJiH KaxHOHHbie HacxHixBi, H B KOxopoM nosepxHOCXHaa axoMHan KOHuenxpauHfl cepbi, npHcyxcxsyiomeH 
B noBepxHocxHO CBfl3aHffi.ix -SOsM-ocxaxKax, HSMepeHHaa MexowM XPS, cocxaBJiaex 6oJiee hjih pasHo 0,25% 
oxHocHxejibHO o6mefi nosepxHocxHoii axoMHofi Kom^eHrpaixHH yrjiepo^Horo MaxepHajia. 

5. YcxpoiicxBo no n,4, r^te noBepxHocxHaa axoMHaa KOHueHxpauiM cepBi Haxojmxca b nnxepBajie ox npn- 
MepHo 0,25 Ro npHMepHO 5,0%. 

6. YcxpoHcxBo no n.4, rae noBepxHOCXHaa axoMnaa KOHuenxpauna cepBi naxoOTxca b HHxepsajie ox npn- 
MepHO 0,35 jio npHMepHO 5,0%. 

7. YcxpoficxBO no n.4, rae M npeAcxasjiaex coGoiK KaxHOHHbie Hacxraxbi Haxpna, Kajiiw, jihxim hjih aMMo- 

HHH. 

8. YcxpoHCXBO no n J , rja^e y^JIepo/^HBIi^ Maxepnaji cocxaBJiaex Menee npHMepHO 98% MaxepHajia. 

9. YcxpoHCXBO no n.l, rjic yrjiepo;iHi>ifi Maxepnaji cocxaBJinex npHMcpno 50-80% Maxepnajia. 

10. YcxpoHCXBO no n.l, rjxQ Maxepnaji wnojinnxejibHO coAep»cnx npoBOAamHH nojiHMcp. 

1 1 . YcipoHCXBO no n. 1 0, r^e npoBOj^jwimfii nojiHMep co^epHCHx rexepoaxoM. 

12. YcxpoilcxBO no n.lO, rae upoBOjs^m™ nojiHMep co^iep»cHX nojraaHHJiHH, nonnnHppoji, nojiH^ypan, 

nOJIHXHO(|)eH HJIH HX CMecb. 

13. YcxpoHCXBO no n.lO, r^e npoBOzmmHH nojiHMcp co^ep^KHx nojiHaHHJiHH, nojiHnnppoji, nojiH(|)ypaH, 
nojiHXHO(i)eH, nojiH(napa(i»eHHjieHOKCHA), nojiH(napa<i)eHHJieHcyjib(|)HA), hx saMcmenHbie npoBOOTmne nojiHMe- 
pi>I HJIH HX CMecb. 

14. YcxpoiScxBO no n.l 1, r^e rexepoaxoMOM xbjisi&tcsi N, O hjih S. 

15. YcxpoHCXBO no n.l 1, r^e rexepoaxoMbi cocxasjiHiox 0,2-15% Maxepnajia corjiacno XPS-flannbiM. 

16. YcxpoHCXBO no n.lO, rzie npOBO^xamHH nojiHMcp cocxaBJinex 6ojiee 0 h Menee 100% Maxepnajia. 

17. YcxpoHCXBO no n.lO, rjie npoBOflaiOHH nojiHMep cocxaBJiaex 2-50% Maxepnajia. 

18. YcxpoiicxBO no n.lO, XAe npoBOAanmfi nojiHMep cocxasjixex 20-50% Maxepnajia. 

19. YcxpoHCXBO no n.lO, trc nojiHMep MJiHexcji npHBim>iM k MejiKOAHcnepcHOMy cyjib4>HpoBaHHOMy yr- 
jiepoAHOMy Maxepnajiy. 

20. YcxpoHCXBO no n.lO, r;xe noJiHMcp noKpbreaex cyjii>4>iipoBaHHi>iH yrjiepo^xHbiH MaxepHan. 

21. YcxpoHCXBO no n.l hjih 10, r^e Maxepnaji AonojiHHxejibHO co^epxcHX MexajiJi. 

22. YcxpoiicxBo no n.21, rjie MexaJuiOM mjiHexca luiaxHHa. 

23. YcxpoHCXBO no n.21, r^e 2-80% Maxepnajia cocxaBJiHex Mexajui. 

24. YcxpoHCXBO no n.21, rjxc 2-60% Maxepnajia cocxaBJiaex Mexanji. 

25. YcxpoiicxBO no n.21, tjxg 20-40% Maxepnajia cocxaBjMex Mexajui. 
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26. YcTpoHCTBO no n,21, rjie MexajiJi oAHopo^HO pacnpe;i;ejieH na noBcpxHocxH MaxepHana. 

27. YcTpofiCTBO no n. 1, rjie 3JieKTpojiHT HBJiHercH ajicKxpojiHTHoft MCMGpaHOH:. 

28. ycTpoHCTBO no n.27, rae 3JieKTpojiHTHafl MeMGpana BBinojiHena h3 Maxepiiajia, co4ep»camero no- 
jiH(nep4>Topcyjib$OHOByK))KHCJiOTy. 

29. TomiHBHBiH ajieMCHT, b KOxopoM anofl h/hjih Kaxofl BBinojiHCHBi H3 Maxepnajia, co^epacamero cyjit- 
^HpoBaHHBiii MejiKOOTcnepcHbiH ymepo^iHBiH Maxepnaji. 

30. TonjiHBHbiH 3JieMeHX no n.29, r^e Maxepnaji ronoJiKHxejibHo co^ep^HX npoBOM^mnn noJiHMep. 

31. TonjiHBHtiH ajieMCHx no n.30, r^c Maxepnaji AonojinnxejitHO coAepacnx Mexaiui. 

32. TonjiHBHBiH 3jieMeHx no n.3 1, r^e MexajuiOM asjiaexcH njiaxHna. 

33. KoimeHcaxop, BKJnonaiomHfi 3jieKxpoA, BBinojmeHHBiil h3 Maxepnajia, coAepacamero cyjib(|)HpoBaH- 
HBiH MejTKoziHcnepcHBiH ypjiepo^HBiH Maxepnaji h npoBO^xamnH nojiHMep. 

34. Maxepnaji jsji^ 3JieKxpo;ta npeo6pa3)TOmero aneprmo ycxponcxBa, coAepacamnn cyjib^npoBaKHbin 
MenKOAHcnepcHbiH yrjiepoAHMH Maxepnaji h npoBo^xamnn nojiHMep. 

35. Maxepnaji no n.34, wnojiKHxejiBHO coAepacanxHH Mexajui. 

36. MaxepnaJi no n.3 5, trg MexaiuioM asjiflexcfl miaxHHa. 

37. MaxepHaJi no n.34, rjxe yrjiepojXHbin Maxepnaji co;tep»cHx yrjiepo^Hyio ca>Ky. 

38. Maxepnaji no n.34, rm yrjiepoflHtin Maxepnaji co^ep^nx rpa4)HX, HaHoyrjiepo;i, (})yjuiepeH, (^yjijiepe- 
HOBfciH Maxepnaji, MCJiKOOTcnepcHtifi yrjiepoA hjih hx cMect. 

39. Cnoco6 nojiyHCRHfl KOMnosHimn fsjm Maxepnajia sjieMcnxoB ycxpoiicxBa no n.l c yjiyHuieHHon 
3JieKxpoHHofi: H npoxoHHoii npoBOAHMOcxbio, BKJiioHaiomHg cyjiB(|)E^OBaHHe MejiKOOTcnepcHoro yrjiepoflHoro 
Maxepnajia h 3axeM HaHecenne na nero noRpbixna h3 npoBO^iJinxero nojiHMepa, hjih CMemeHHe npoBOAamero 
nojiHMepa c cyjib(|)HpoBaHHi>iM MejiKOAHcnepcHbiM yrjiepoAHtiM MaxepnajiOM, hjih npHBHBKy nposo^inmero 
nojiHMepa na cyjib^HpoBaHHbiii MCJiKOOTcnepcHbiH yrjiepoflHbia MaxepHan. 

40. Cnoco6 no n.39, b KOXopoM yrjiepoAHtiii Maxepaan co;iep>KHx rpa4>HX, Hanoyrjiepo^, ^yjiJiepen, $yji- 
jiepenoBBifi Maxepnaji, MejiKOOTcnepcHMfi yrjiepojx hjih hx CMecb. 

41. Cnoco6 no n.39, b KoxopoM yrjiepo^Hbm MaxepnaJi coAepacHX yrjiepoAHyio ca»cy. 

42. ripo^yKx, nojiyneKHbiii cnoco6oM no n.39. 

43. npeo6pa3yK)mee sHeprmo ycxpoiicxBO no n.l, rm& npeoGpasyiomee SHeprmo ycxpoiicxBO HBJiaexcfl 
aKKyMyjiflxopoM. 

44. IIpeoGpasyiomee SHeprnio ycxpoficxBO no n.l, r^e npeoSpasyiomee sneprmo ycxpoiicxBO aBJwexcH 
xoiuiHBHMM ajieMeaxoM. 
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